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Integrated Ocean Drilling Program Site U1336 (site survey PEAT-
5C; 7°42.067′N, 128°15.253′W; 4286 meters below sea level
[mbsl]) (Fig. F1; Table T1) is in the central area drilled during the
Pacific Equatorial Age Transect (PEAT) program (Expedition 320/
321). Site U1336 (~32 Ma crust) is between Site U1334 ~410 km to
the west and Site U1335 ~330 km to the southeast and ~100 km
to the west of Deep Sea Drilling Project (DSDP) Site 78. Site U1336
is also ~30 km north of the center of the Clipperton Fracture
Zone. The site survey data (Lyle et al., 2006; Pälike et al., 2008)
show that Site U1336 is on abyssal hill topography draped with
thick sediment (Fig. F2). The fabric of the abyssal hills is oriented
slightly west of due north.
Water depth in the vicinity of Site U1336 is relatively shallow for
the age of the crust, between 4200 and 4400 m. Surprisingly, the
crust south of the Clipperton Fracture Zone is only 100 m deeper
than the crust north of the zone, despite a water depth of nearly
5 km in the middle of the fracture zone trace. A few oblique ridges
and depressed topography occur in the south of the survey area,
showing some interaction between the fracture zone and the Site
U1336 region. The site is thickly covered with sediment (300–400 ms
two-way traveltime [TWT]) (Fig. F2) and has a very thin layer of
recent to middle Miocene sediment, with frequent sediment erosion
on flanks of abyssal hills. Based on correlation to the Neogene
central equatorial Pacific seismic stratigraphy of Mayer et al.
(1985) and the Paleogene equatorial Pacific stratigraphy of Lyle et
al. (2002), we estimated ~120 m of Oligocene sediment for an
average Oligocene sedimentation rate of 13 m/m.y., assuming a
crustal age of 32 Ma. The total sediment thickness, using the
velocity-depth conversion for DSDP Site 574 (Mayer et al., 1985)
was estimated as 253 m prior to drilling.
Based on stage-pole reconstructions of Pacific plate motion, ob-
servations of basement age from previous drilling sites, and mag-
netic anomaly maps (Cande et al., 1989), we estimated that Site
U1336 is on 32 Ma crust. The best control on age is information
from Site 78, ~100 km east of Site U1336. The base of Site 78
reaches the lower Oligocene.
Site U1336 targets the Oligocene and is on lower Oligocene crust.
This interval of time is noted by heavy oxygen isotopes and a rel-
atively deep calcium carbonate compensation depth (CCD) (Za-
chos et al., 2001a, 2001b; Pälike et al., 2006a, 2006b; Lyle, 2003). doi:10.2204/iodp.proc.320321.108.2010
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terval, but not the large ice sheets found there in the
middle Miocene. There is no compelling evidence
for ice sheets in the Northern Hemisphere during the
Oligocene and early Miocene. Thus, there was appar-
ently a relatively low global ice volume, relatively
cold bottom waters, a relatively cold South Pole, and
a relatively warm North Pole. This scenario of a “one
cold pole” world has given rise to speculation on the
impact of interhemispheric temperature imbalance
on pole to Equator temperature gradients and on the
symmetry of the global wind systems. The extent to
which such an imbalance may have affected trade
winds, the position of the intertropical convergence
zone, and seasonal shifts in this zone should be seen
in the wind-driven currents of the equatorial region.
Older low-resolution DSDP data (Hays et al., 1972)
indicate relatively high but variable sediment accu-
mulation rates during the Oligocene and better car-
bonate preservation south of the Equator (van Andel,
1975). In the Ocean Drilling Program (ODP) Leg 199
equatorial transect (Lyle, Wilson, Janecek, et al.,
2002), the highest accumulation rates encountered
(>15 m/m.y.) occurred in the lower part of the Oligo-
cene, but these were in sites north of the Oligocene
Equator or on relatively old (and therefore deep)
crust. Thus we expected better fossil preservation
and a thicker carbonate section at the Oligocene
Equator.
Studies of Oligocene sections from Leg 199 (Lyle,
Wilson, Janecek, et al., 2002) and from other ODP
sites (e.g., Paul et al., 2000; Zachos et al., 2001b)
indicate the presence of strong eccentricity and
obliquity cycles in carbonate preservation and sug-
gest a strong (southern) high-latitude influence on
the carbonate record. These cycles are leading to the
development of an orbitally tuned timescale that
reaches to the base of the Oligocene (Pälike et al.,
2006b). Such a timescale makes it possible to develop
a very detailed picture of equatorial geochemical
fluxes and of the degree of variability in the equato-
rial system of the Oligocene.
Site U1336 also targets paleoceanographic events in
the late Oligocene and into the early Miocene,
including the climatically significant Oligocene–
Miocene transition and the recovery from the Mi-1
glaciation event. In conjunction with Sites U1335
and U1337, it was also sited to provide a latitudinal
transect for early Miocene age slices. At the end of
the Oligocene there is a significant multimillion year
long rise in the oxygen isotope record (supplemen-
tary material in Pälike et al., 2006b), which is closely
followed by a relatively short, sharp increase in oxy-
gen isotope values that has been interpreted as a ma-
jor glacial episode (Mi-1) (Zachos et al., 1997, 2001a,Proc. IODP | Volume 320/3212001b; Pälike et al., 2006a, 2006b) and correlated to
a pronounced drop in sea level (Miller et al., 1991).
This event is very close to the Oligocene/Miocene
boundary and has now been astronomically age cali-
brated in several ocean basins (Shackleton et al.,
2000; Billups et al., 2004; Pälike et al., 2006a).
Although there are clear periodic isotopic signals in-
dicating major changes in ice volume, ocean temper-
atures, and/or ocean structure, this biostratigraphic
boundary has always been somewhat of an enigma.
Unlike the major changes in the isotopic stratig-
raphy, the biostratigraphies of planktonic microfos-
sils show very little change at all. In fact it is one of
the most difficult epoch boundaries to pick using
only microfossil biostratigraphies.
Given the Clipperton Fracture Zone geographical
constraint, we positioned Site U1336 as close as pos-
sible to the estimated paleoequatorial position at the
target age in order to maximize the time that the
drill site remains within the equatorial zone (i.e., ±2°
of the Equator), to allow for some southward bias of
the equatorial sediment mound relative to the
hotspot frame of reference (Knappenberger, 2000)
and to place the interval of maximum interest above
the basal hydrothermal sediments. We located the
site using the digital age grid of seafloor age from
Müller et al. (1997), heavily modified and improved
with additional magnetic anomaly picks from
Petronotis (1991) and Petronotis et al. (1994) and
DSDP/ODP basement ages. For this grid, each point
is then backrotated in time to zero age, using the
fixed-hotspot stage-poles from Koppers et al. (2001)
and Engebretson et al. (1985) and the paleopole data
from Sager and Pringle (1988). From the backtracked
latitudes for each grid point we then obtained the
paleoequator at the crustal age by contouring of
latitudes.
One of the common objectives of the PEAT program
for all sites is to provide a limited depth transect for
several Cenozoic key horizons, such as the Oligocene–
Miocene transition (Shackleton et al., 2000; Pälike et
al., 2006a; Zachos et al., 2001b). For the Oligocene–
Miocene transition objective, Sites U1334–U1337
will form a combined depth transect for Oligocene–
Miocene time. Site U1336 has an estimated crustal
paleodepth of ~3.7 km during the Oligocene–
Miocene transition, ~300 m deeper than Site U1335
and ~500 m shallower than Site U1334.
Expedition 320/321 drill sites all have in common
the objective to improve and extend the extensive
intercalibrated bio-, magneto-, chemo-, and astro-
nomical stratigraphies for the Cenozoic (e.g., Shack-
leton et al., 2000; Pälike et al., 2006b).
Seismic reflection data (Fig. F2) (Pälike et al., 2008;
Lyle et al., 2006) allowed us to optimize the Site2
Expedition 320/321 Scientists Site U1336U1336 position on seismic Line PEAT-5C-sl-6, west of
the intersection with the north–south Cross-line
PEAT-5C-sl-1, to better image basement and obtain a
more expanded lower sediment section. We esti-
mated sediment thickness using interval velocities
published for Site 574 by Mayer et al. (1985), which
drilling determined later to underestimate the basal
interval velocities and therefore total sediment
thickness. Based upon correlation to the central
equatorial Pacific seismic stratigraphy of Mayer et al.
(1985), middle Miocene sediment has been exposed.
Site survey piston Core RR0603-7JC was taken east of
Site U1336 (Fig. F1B). The cores recovered mottled
brown to light brown alternating carbonates and sili-
ceous biogenic sediments. The age at the base of this
core is ~13 Ma, based on radiolarian biostratigrapy.
Science summary
Two holes were cored at Site U1336 (proposed Site
PEAT-5C; 7°42.067′N, 128°15.253′W; 4286 mbsl)
(Fig. F1; Table T1) targeting paleoceanographic
events in the late Oligocene and into the Miocene,
including a focus on the Oligocene–Miocene transi-
tion and the recovery of the Mi-1 glaciation event
(Zachos et al., 2001b; Pälike et al., 2006b). In con-
junction with Sites U1335 and U1337, Site U1336
was also designed to provide a latitudinal transect for
early Miocene age slices. Site U1336 provides data to-
ward a depth transect across the late Oligocene and
Miocene that allow us to verify and apply a previous
astronomical age calibration from Site 1218 (Pälike
et al., 2006a).
At Site U1336, advanced piston corer (APC) cores
were taken from the seafloor to 184.8 m (Cores 320-
U1336A-1H through 21H) and 173.6 m (Cores 320-
U1336B-1H through 20H). Nonmagnetic core barrels
were used for Cores 320-U1336A-1H through 16H
and Cores 320-U1336B-1H through 16H and steel
barrels were used for all other cores. Two hard layers,
one at ~121 m core depth below seafloor (CSF)
(Cores 320-U1336A-14H and 320-U1336B-14H) and
one at ~135 m CSF (Core 320-U1336B-16H) caused
core loss and prevented the development of a con-
tinuous sediment section. Extended core barrel
(XCB) cores (320-U1336A-22X through 35X) were
taken from 184.8 to 302.9 m CSF in Hole U1336A.
We stopped coring before reaching the basement ob-
jective because of decreasing rates of penetration, rel-
atively low recovery, and the possibility of obtaining
a stratigraphically complete Miocene section by allo-
cating the remaining operational time during Expe-
dition 320 to Hole U1336B.
At Site U1336, ~300 m of pelagic sediments are di-
vided into three major lithologic units (Fig. F3). TheProc. IODP | Volume 320/321sediments are composed mainly of nannofossil
oozes, nannofossil chalks, and chert. The lower to
middle Miocene sedimentary sequence of Unit I (0–
74.54 m CSF) contains more radiolarians, clay, fora-
minifers, and diatoms relative to the lower Miocene
to lower Oligocene sediments below ~70 m CSF.
Subtle changes in the relative proportions of these
minor components produce meter-scale dark–light
color cycles and two diatom-rich layers. Numerous
rounded fragments of pumice occur throughout this
unit.
Unit II (74.50–189.50 m CSF) is dominated by nan-
nofossil ooze. Sediment color changes downhole
from pale yellow to light greenish gray at 92 m CSF.
Below this boundary, the color of Unit II alternates
between light greenish gray and white to 184.80 m
CSF. Oxidation-reduction reactions are responsible
for the observed vivid colors and pore water chemis-
try changes, likely fueled by varied availability of
organic carbon. Occasional thin chert layers were
encountered below 120 m CSF in Unit II. Mainly
broken chert fragments were recovered, except for a
small in situ chert fragment at 159.6 m CSF in Sec-
tion 320-U1336B-18H-4, 106 cm. More abundant
chert layers are common in the lower third of the
recovered sequence.
Unit III (189.5–299.6 m CSF) was only recovered in
Hole U1336A. The dominant lithologies of this unit
are light greenish gray and white nannofossil chalk
with light greenish gray millimeter-scale color
banding and chert layers. The chert shows many
different colors including black, dark greenish gray,
very dark greenish gray, dark gray, olive-yellow, dark
brown, and pink. The Unit II–III transition is
identified by the uppermost common occurrence of
chert. Below 289 m CSF, nannofossil chalk contains
increasing amounts of micrite and the cherts vary in
color. The lowermost cherts are olive-yellow, then
pink, and, finally, dark brown at the base. The chalk
changes color to white below 298.54 m CSF. CaCO3
contents remain >88 wt% in the chalk layers. Igne-
ous basement was not recovered at Site U1336.
All major microfossil groups were found in sedi-
ments from Site U1336, representing a complete
biostratigraphic succession at the shipboard sample
resolution level of middle Miocene to lower Oligocene
sediments. They provide a coherent, high-resolution
biochronology through a complete sequence (Fig.
F3). Calcareous nannofossils are moderately to
poorly preserved throughout the succession. There
appears to be a complete sequence of nannofossil
zones from Zone NN6 (middle Miocene) through
NP22 (lower Oligocene), except for Zone NN3,
which could not be resolved. Planktonic foraminifers
are present throughout the succession ranging from3
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preserved in the Miocene and less well preserved in
the Oligocene. 
Benthic foraminifers are present throughout the sec-
tion, although abundances are overall quite low. The
preservation of tests is moderate in the upper part of
Site U1336 (Samples 320-U1336A-1H-CC through
19H-CC, 8.22–170.63 m CSF, and 320-U1336B-1H-
CC through 20H-CC, 1.68–174.01 m CSF) but deteri-
orates below this level. The Oligocene to middle
Miocene benthic foraminifer assemblage is relatively
diverse and indicates oligotrophic lower bathyal to
abyssal paleodepths.
The Oligocene/Miocene boundary is placed between
the first occurrence of Paragloborotalia kugleri (23.0 Ma)
and the extinction of Sphenolithus delphix (23.1 Ma).
The former occurs between Samples 320-U1336A-
16H-CC and 17H-2, 38–40 cm (142.96 m CSF) and
Samples 320-U1336B-16H-1, 52–54 cm, and 17H-3,
80–82 cm (137.72 m CSF). The top of S. delphix is rec-
ognized between Samples 320-U1336A-17X-2, 90 cm,
and 17X-4, 90 cm (145.9 m CSF), and between
Samples 320-U1336B-16H-CC and 17H-1, 150 cm
(137.56 m CSF).
The radiolarian stratigraphy at Site U1336 spans the
interval from just above the Zone RN6/RN5 bound-
ary (middle Miocene) to the upper part of Zone RP22
(upper Oligocene) at ~170 m CSF. Below this level
the sediments are barren of radiolarians. Above this
level the assemblages tend to have good to moderate
preservation with intermittent intervals of good
preservation in Zones RN3 and RN4 (lower to middle
Miocene). The downsection decrease in preservation
and ultimate disappearance of the radiolarians below
Core 320-U1336A-19H appears to be associated with
dissolution and reprecipitation of the biogenic silica
as intergranular cement and as chert.
Diatom stratigraphy in Hole U1336B spans the inter-
val from just above the Cestodiscus peplum zone (mid-
dle Miocene) in Core 320-U1336B-1H to the lowermost
part of the Crucidenticula nicobarica zone (upper
lower Miocene) in Core 320-U1336B-7H. Below Sam-
ple 320-U1336B-7H-CC, the sediments are barren of
diatoms. Above this level the valves tend to be
mostly poorly preserved. Sample 320-U1336B-1H-
CC contains the highest diversity with Cestodiscus
pulchellus as dominant component, accompanied by
Cavitatus jouseana and Thalassiosira yabei. Fragments
of the large centric diatom Ethmodiscus are present in
the upper part of Hole U1336B.
Paleomagnetic measurements were conducted on
archive-half sections of 21 APC cores from Hole
U1336A and 20 APC cores from Hole U1336B. Mea-
surements of natural remanent magnetizationProc. IODP | Volume 320/321(NRM) above ~80 m CSF in Holes U1336A and
U1336B indicate moderate magnetization intensities
(~1 × 10–3 A/m) with a patchy but generally weak vis-
cous remanent magnetization (VRM) or isothermal
remanent magnetization (IRM) drilling overprint.
Polarity reversal sequences are clearly recognized
(Fig. F3). Demagnetization data from discrete sam-
ples above ~ 80 m CSF indicate that the characteristic
remanent magnetization of the sediments is identi-
fied at the 10–20 mT demagnetization steps. The
reversals pattern can be correlated with the geomag-
netic polarity timescale (GPTS) from the base of
Chrons C5r to C6n (~12 to 19 Ma).
Below ~80 m CSF, a zone of diagenetic alteration in-
volving dissolution of remanence carriers reduces
remanence intensities after alternating-field (AF) de-
magnetization of 20 mT to values close to magne-
tometer noise level in the shipboard environment
(~1 × 10–5 A/m). In this zone, sediment magnetiza-
tions have been partly or entirely overprinted during
the coring process and remanence inclinations are
sometimes steep after AF demagnetization at peak
fields of 20 mT. At ~130–140 m CSF (Cores 320-
U1336A-15H through 16H and 320-U1336B-15H)
and below ~160 m CSF (Cores 320-U1336A-19H
through 21H and 320-U1336B-18H through 20H),
polarity reversals are apparently present but the
inclinations are steep (as much as 80°), indicating
that the drilling overprint has not been effectively
removed during shipboard demagnetization.
A complete physical property program was con-
ducted on whole cores, split cores, and discrete sam-
ples. Whole-Round Multisensor Logger (WRMSL)
(gamma ray attenuation [GRA] bulk density, mag-
netic susceptibility, P-wave velocity, and electrical
noncontact resistivity), thermal conductivity, and
natural gamma radiation (NGR) measurements com-
prised the whole-core measurements. Compressional
wave velocity measurements on split cores and mois-
ture and density (MAD) analyses on discrete core
samples were made at a frequency of 1 per undis-
turbed section in Cores 320-U1336A-1H through
35X. Compressional wave velocities were measured
toward the bottom of sections. MAD analyses were
located 10 cm downsection from carbonate analyses
(see “Geochemistry”). Lastly, the Section Half Multi-
sensor Logger (SHMSL) was used to measure spectral
reflectance on archive-half sections. Physical proper-
ties measurements on whole-round sections and
samples from split cores reflect the differences
among lithologies drilled at Site U1336 (Fig. F3).
Nannofossil ooze with varying amounts of clay,
radiolarians, and diatoms makes up lithologic Unit I
and is characterized by high-amplitude and high-
frequency variations in bulk density, magnetic sus-4
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susceptibility is highest in Unit I, with values rang-
ing from 5 × 10–5 to 30 × 10–5 SI. NGR is also high in
this unit, with values to 56 cps near the seafloor. Wet
bulk densities are lowest in Unit I, with values rang-
ing from 1.4 to 1.7 g/cm3. Porosity is highest in this
interval, ranging from 65% to 80%. The grain den-
sity of most of the sediments of Unit I, as well as
Units II and III, ranges from 2.6 to 2.9 g/cm3, reflect-
ing the dominance of carbonate constituents at Site
U1336. The sediment velocity in Unit I is low, aver-
aging 1500 m/s. The color reflectance of Unit I is
marked by luminance (L*) values that are slightly
lower and more variable than values determined for
sediments in Units II and III.
Below Unit I, a more uniform increase in wet bulk
density and decrease in porosity in Units II and III
reflects the increasing compaction of the sediments.
A slight step increase in wet bulk density marks the
transition between Units II and III. In Unit III wet
bulk density and porosity average 1.9 g/cm3 and
51%, respectively. Magnetic susceptibility and NGR
are low and nearly uniform in Units II and III. Mag-
netic susceptibility is typically below 5 × 10–5 SI, and
NGR is ~2 cps. Lower clay abundance in Unit II is
marked by an increase in L* at the boundary be-
tween Units I and II. At 92 m CSF, within Unit II,
sharp decreases in the a* and b* reflectance parame-
ters mark the change in sediment color from pale
yellow to greenish gray. One of the most pro-
nounced changes in physical properties at Site
U1336 is the sharp increase in velocity that accom-
panies the change from nannofossil ooze to nanno-
fossil chalk at the boundary between Units II and III.
The velocity at the base of Unit II is ~1700 m/s. Be-
low 190 m CSF, in Unit III, the rate at which velocity
increases with depth increases, ultimately reaching
~2200 m/s at 290 m CSF, near the base of Hole
U1336A.
Special Task Multisensor Logger (STMSL) data were
collected at 5 cm intervals from Hole U1336B and
compared to the WRMSL data obtained at 2.5 cm
resolution from Hole U1336A during Expedition
320. Features in the magnetic susceptibility and
gamma ray attenuation density are well aligned be-
tween Holes U1336A and U1336B to a depth of
~94 m core composite depth below seafloor (CCSF-A;
see “Core composite depth scale” in the “Methods”
chapter). Below 94 m CCSF-A, the magnetic suscepti-
bility signal drops to very low values but the density
data are good enough to sustain a correlation to
interval 320-U1334B-14H-4, 122 cm. At this point
(138.50 m CCSF-A) sediments recovered in both
holes are disturbed.Proc. IODP | Volume 320/321Paleomagnetic reversals were used to calculate the
average linear sedimentation rate (LSR) for the upper
74 m of the section at Site U1336 on the corrected
core composite depth below seafloor (CCSF-B; see
“Corrected core composite depth scale” in the
“Methods” chapter) depth scale. Below 74 m CSF
only biostratigraphic datums were used to calculate
the average LSR. The LSR at Site U1336 decreases
from 15 m/m.y. in the upper Oligocene to 12 m/m.y.
in the lower Miocene and stays relatively constant at
9 m/m.y. in the remainder of the section.
Standard geochemical analyses of pore water and or-
ganic and inorganic sediment properties were under-
taken on Site U1336 samples. Alkalinity is relatively
constant at values >2.5 mM in the upper 110 m CSF,
with a pronounced decline to 1 mM by 170 m CSF.
Sulfate concentrations decrease with depth to values
as low as 22 mM. Dissolved manganese has a broad
peak in the depth range from ~25 to 120 m CSF, and
dissolved iron appears then peaks below 100 m CSF.
The increase of dissolved iron occurs where Mn
decreases downhole. Concentrations of dissolved
silicate increase with depth from <400 to 800 µM.
Highlights
Miocene sedimentary section and cyclic 
sedimentation
One of the highlights from Site U1336 is the recov-
ery of a thick Miocene carbonate section from the
central equatorial Pacific, one of the high-priority
objectives of the PEAT program. We recovered the
complete early Miocene sequence (7.1 m.y. duration)
in a ~110 m thick section, with a sedimentation rate
of 12 m/m.y. and the middle Miocene sequence
(4.4 m.y. duration) in a ~45 m thick interval with a
sedimentation rate of ~21 m/m.y. These high sedi-
mentation rates will facilitate the study of paleocean-
ographic processes at unprecedented resolution for
the equatorial Pacific.
The obvious variations of both color and biogenic
composition within nannofossil oozes represent cy-
clic fluctuations of CCD and upwelling intensity
during the middle Miocene through early Miocene.
The variable lithology also results in the variations of
many petrophysical signals of physical properties
including L*, b*, magnetic susceptibility, NGR, and
GRA bulk density.
Oligocene–Miocene transition and depth 
transects
Site U1336 was planned as part of a latitudinal transect
for early Miocene age slices and the PEAT Oligocene–
Miocene depth transect compound in conjunction
with Sites U1335 and U1337. The Miocene sequence5
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1 glaciation and middle Miocene ice sheet expansion
(Holbourn et al., 2005; Zachos et al., 2001b; Pälike et
al., 2006b). The dominant lithologies of nannofossil
ooze and chalk at Sites U1336 and U1335, with good
preservation of calcareous microfossils, will allow us
to achieve the prime objective for this site.
The Oligocene–Miocene transition in Hole U1336A
occurs in homogeneous nannofossil ooze within the
alternations of white and light greenish gray ooze.
The same alternating sequence is observed above the
Oligocene–Miocene transition at Site U1334.
Biostratigraphy reveals that the Oligocene/Miocene
boundary exists between 142.96 and 145.9 m CSF at
Site U1336; this will allow the high-resolution study
of this critical interval.
Geochemical front
Site U1336 recovered an interval of greenish gray
carbonates that exhibit a distinct peak in dissolved
Fe concentrations in pore water with similar charac-
teristics as geochemical alteration fronts at Sites
U1334 and U1335. At Site U1336, this zone is ~200 m
thick. The remanent magnetization intensity is very
weak in most parts of this section (80–180 m CSF).
High dissolved Fe and Mn concentrations in pore
water are caused by changes in the oxidation state of
the sediments. The oxidation-reduction reactions are
likely fueled by variable availability of organic car-
bon in the sediments. This site may provide the
opportunity to study organic matter degradation.
Site U1336 migrated from south to north through
the equatorial belt of high productivity. Based on
paleolatitude reconstructions these geochemical al-
teration fronts can be mapped to similar equatorial
positions between Sites U1334 and U1335, roughly
between the Equator and ~4°N.
Chert formation in the early Oligocene
The sequence at Site U1336 includes barren intervals
of radiolarian fossils and many thin intercalated
chert layers and fragments. The radiolarians decrease
in preservation downsection and disappear below
Core 320-U1336A-19H. Instead, the sediments
contain several chert fragments. Some inferred chert
layers occur at ~120–140 m CSF and blocked APC
penetration. Below ~190 m CSF, various colored chert
layers and fragments occurred within the cores. The
chert frequently contains foraminifer tests, reflecting
diagenetic process of dissolution and reprecipitation
of the biogenic silica.
The dissolution of biogenic silica is the source of por-
cellanite and chert and, on crust younger than 65 Ma,
almost all cherts in the Pacific Ocean lie <150 mProc. IODP | Volume 320/321above basement. Although we did not recover base-
ment rocks at this site, the sediments became hard,
lithified limestones and the drilled section is proba-
bly close to basement. The dissolution of silica in the
basal sedimentary section is likely associated with
the circulation of warm hydrothermal waters in the
upper oceanic crust that extend into the lower sedi-
ments where they are cut by fractures and faults
(Moore, 2008a, 2008b). This site will provide infor-
mation on chert formation in the equatorial Pacific
regions.
Operations
Times for Site U1336 are given in local ship time,
which was Universal Time Coordinated (UTC) – 9 h.
Transit to Site U1336
The 185 nmi transit from Site U1335 to Site U1336
took 17.8 h at an average speed of 10.4 kt.
Site U1336
Hole U1336A
The ship slowed as it approached Hole U1336A and
was in dynamic positioning mode at 1545 h on 22
April 2009. Once the ship was stabilized over the
new site, the drill string was deployed and the bit po-
sitioned 5 m shallower than the corrected precision
depth recorder depth of 4300.4 m drilling depth be-
low rig floor (DRF). Hole U1336A was spudded with
the APC at 0135 h on 23 April. The seafloor depth es-
timated from recovery in the first core was 4296.9 m
DRF (4285.3 mbsl) (Table T1).
APC Cores 320-U1336A-1H through 21H were taken
from 0 to 184.8 m CSF and recovered 190.2 m
(103%) (Table T1). Nonmagnetic core barrels were
used to obtain Cores 320-U1336A-1H through 16H;
steel barrels were used for all other cores. Three cores
(320-U1336A-14H, 16H, and 21H) only partially
stroked and were advanced by recovery. A hard layer
at ~124 DSF prevented Core 320-U1336A-14H from
achieving a full stroke; the layer was ~0.5 ft thick
and was not recovered. Based on how it drilled, we
inferred it may have been chert. The last piston core
(320-U1336A-21H) required drilling over to free the
barrel from the formation.
Cores 320-U1336A-22X through 35X were taken
from 184.8 to 302.9 m CSF and recovered 69.0 m
(58%). We stopped coring before reaching the base-
ment objective because of decreasing rates of pene-
tration (as low as ~3 m/h for Cores 320-U1336A-34X
and 35X), relatively low recovery, and the possibility
of obtaining a stratigraphically complete Miocene
section by coring in a second hole. We pulled out of6
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25 April. We offset the ship 25 m south of Hole
U1336A.
Hole U1336B
After positioning the bit at 4284 m DRF (5 m shal-
lower than in Hole U1336A), we started coring in
Hole U1336B at 0540 h on 25 April. Based on recov-
ery in the first core, the seafloor depth was 4298.1 m
DRF (4286.5 mbsl). Cores 320-U1336B-1H through
20H were taken from 0 to 173.9 m CSF and recov-
ered 179.6 m (103%). Nonmagnetic core barrels were
used for Cores 320-U1336B-1H through 16H; steel
barrels were used for the others. Core 320-U1336B-
16H only achieved a partial stroke and was advanced
by recovery. Once coring was completed, the drill
string was pulled out of the hole with the bit clearing
the seafloor at 0400 h on 26 April. Once all drilling
equipment was secured, the vessel departed for
Honolulu, Hawaii, at 1315 h on 26 April.
Transit to Honolulu, Hawaii
The 1954 nmi transit from Site U1336 to Honolulu,
Hawaii took 7.8 days at an average speed of 10.4 kt.
At 2400 on 27 April 2009, the shipboard clocks were
set back one hour so that ship local time was UTC –
10 h (Hawaii Standard Time). Expedition 320 con-
cluded with the first line ashore at 0736 h on 4 May. 
Lithostratigraphy
Drilling at Site U1336 recovered a ~300 m thick sec-
tion of pelagic sediments (Fig. F4). The sedimentary
sequence at Site U1336 is divided into three litho-
logic units (Fig. F4; Table T2). Unit I (0–74 m CSF) is
composed of nannofossil ooze of Miocene age that
displays submeter-scale alternations of white (10YR
8/1) to brown (10YR 5/3) nannofossil oozes with
varying amounts of radiolarians, foraminifers, diatoms,
and clay as minor constituents. Two white (10YR
8/1) diatom nannofossil oozes (Samples 320-U1336A-
5H, 22–36 cm, and 6H-2, 87–92 cm) are present
within Unit I. These intervals were not observed in
Hole U1336B. Unit II (74–189 m CSF) consists of
~115 m thick nannofossil ooze of early Miocene to
late Oligocene age with very weak magnetic suscepti-
bility and vivid color changes. Sediment color
changes downhole from pale yellow (2.5Y 8/2) to
light greenish gray (10Y 8/1) at 92 m CSF. Below this
boundary, the coloration of the Unit II nannofossil
oozes alternates between light greenish gray (10Y
8/1) and white (N 8/) to 184.80 m CSF. Unit III is
composed of light greenish gray (10GY 7/1)
nannofossil chalks with interbedded greenish gray
(10GY 6/1) to black (10YR 2/1), olive-yellow (2.5YProc. IODP | Volume 320/3216/6), and pink (7.5YR 7/3) chert layers (189.50–
299.6 m CSF) of Oligocene age. Units II and III have
similar color alternations with occasional sharply
defined packets of light greenish gray (5G 8/1) color
bands below 120.86 m CSF.
Lithologic units and boundaries (Table T2) are defined
by differences in lithology, physical property data,
and calcium carbonate (CaCO3) content as measured
by coulometry (see “Geochemistry”). Lithologic dif-
ferences, based on both visual core description and
smear slide analysis, reflect varying distributions of
biogenic components such as nannofossils, radiolar-
ians, diatoms, and clay-sized lithogenic material (Fig.
F4; see “Site U1336 smear slides” in “Core descrip-
tions”). Lithologic descriptions are based on sediments
recovered in Holes U1336A and U1336B. Sediments
from Hole U1336A were described by the scientific
party during Expedition 320, whereas those from
Hole U1336B were examined and described by the Ex-
pedition 321 scientific party.
Unit I
Intervals: 320-U1336A-1H-1, 0 cm, through 8H-7, 
5 cm; 320-U1336B-1H-1, 0 cm, through 9H-5, 
84 cm
Depths: Hole U1336A = 0–73.05 m CSF; Hole 
U1336B = 0–75.14 m CSF
Age: middle to lower Miocene
Lithology: nannofossil ooze and diatom nannofossil 
ooze
Major lithologies in Unit I are white (10YR 8/1) to
brown (10YR 5/3) nannofossil ooze. The unit is
characterized by alternating submeter-scale light and
dark bands of nannofossil ooze. Based on smear
slides, the darker bands contain greater amounts of
radiolarians and/or clay and some of the white
bands are nannofossil ooze with foraminifers (Figs.
F5, F6). The alternating white to brown sequence is
punctuated by two white (10YR 8/1) layers of diatom
nannofossil ooze (Samples 320-U1336A-5H-2, 22–
36 cm, and 6H-2, 87–92 cm); however, these
sediments were not recovered in Hole U1336B and
were likely missed by coring gaps or sampled for
whole-round studies before cores were described.
Pumice fragments, sometimes as large as 2.0 cm in
diameter, occur in Unit I. Most are well rounded and
light gray to gray (N7/ to N6/) in color. Throughout
Unit I, physical properties, including magnetic sus-
ceptibility, b* and L* reflectance, and GRA bulk
density, all show higher amplitude variability than
underlying units. CaCO3 content is also more variable
in Unit I relative to Unit II, ranging between 48 and
90 wt% (Fig. F4). The transition to Unit II is indi-
cated by an overall decrease in the amplitude of vari-
ation in the physical properties, a downhole increase7
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ity, and a lesser abundance of the minor constituent
radiolarians, clay, and foraminifers (Fig. F4).
Unit II
Intervals: 320-U1336A-8H-7, 5 cm, through 22X-4, 
20 cm; 320-U1336B-9H-5, 84 cm, through 20H-
7, 58 cm (end of Hole U1336B)
Depths: Hole U1336A = 73.05–189.50 m CSF; Hole 
U1336B = 75.14–173.98 m CSF (end of hole)
Age: early Miocene to late Oligocene
Lithology: nannofossil ooze
The dominant lithology in Unit II is nannofossil
ooze with vivid coloring. The uppermost 9.6 m of
Unit II is pale yellow (2.5Y 8/2 to 2.5Y 8/3) nanno-
fossil ooze that sharply overlies a sequence of
alternating white (2.5Y 8/1 and N 8/) and light
greenish gray (10GY 8/1) nannofossil ooze at 92.14 m
CSF in Hole U1336A (Figs. F7, F8). Below 120 m CSF,
light greenish gray (5G 8/1) millimeter-scale color
bands are observed in centimeter-scale packets in
nearly every core. Chert was encountered in the
lower portion of this unit hampering coring recov-
ery, but no layers were recovered directly. Numerous
small angular fragments of chert were found in Sec-
tion 320-U1336B-16H-CC and soupy intervals near
tops of Cores 320-U1336B-17H through 19H, repre-
senting fall-in sediment. A small fragment of in situ
chert was recovered in interval 320-U1336B-18H-4,
106 cm. Bioturbation is generally minor or nonvisi-
ble throughout the unit. CaCO3 content in Unit II is
relatively constant, typically >85 wt% (Fig. F4; see
“Geochemistry”). Color reflectance parameter b*
decreases abruptly at 92.14 m CSF in Hole U1336A
and 91.85 m CSF in Hole U1336B and remains low
throughout the unit. L* increases across the Unit I/II
boundary, reaching a maximum near the top of Unit
II (~90) and gradually decreases with depth to ~65–70
at ~180–190 m CSF (Fig. F7). Working downhole
through Unit II, GRA bulk density increases from ~1.6
to 1.9 g/cm3. Magnetic susceptibility is very low (typi-
cally <5 × 10–5 SI), sometimes below zero, throughout
the unit (Fig. F4; see “Physical properties”).
Unit III
Intervals: 320-U1336A-22X-4, 20 cm, through 
35X-CC, 38 cm
Depths: Hole U1336A = 189.5–299.6 m CSF
Age: Oligocene
Lithology: nannofossil chalk, and chert
The Unit II–III transition is identified by the
transition to chalk. Dominant lithologies of Unit III
are light greenish gray (10GY 8/1 and 10GY 7/1) and
white (7.5YR 8/1 and N 8/) nannofossil chalk withProc. IODP | Volume 320/321light greenish gray (5G 8/1) millimeter-scale color
banding and chert layers. In the upper 100 m of Unit
III cherts are black (10YR 2/1) to dark greenish gray
(10GY 4/1). Below 289 m CSF nannofossil chalk
contains increasing amounts of micrite and cherts
occur in different colors: olive yellow (2.5Y 6/6),
dark brown (7.5Y 3/2), and pink (7.5YR 7/3) (see
“Site U1336 thin sections” in “Core descriptions”).
Thin section analyses show increasing abundance
with depth of foraminifers in the cherts (see “Site
U1336 thin sections” in “Core descriptions”).
Foraminifer tests in the cherts have been filled with
microcrystalline quartz or occasionally filled or
replaced by opaques, likely pyrite (Fig. F9). GRA
density continues to increase with depth, from
~1.9 g/cm3 at the top of the unit and reaching a
maximum of ~2.0–2.1 g/cm3 from 282 m CSF and
below (Fig. F4; see “Physical properties”). Magnetic
susceptibility in Unit III is generally low (<5 × 10–5 SI)
with thin instances of much higher values that cor-
respond to the chert layers. L* is overall more
variable and generally lower in Unit III, whereas b*
shows more variability than overlying units. CaCO3
contents remain >88 wt% in the chalk layers. Igne-
ous rocks were not recovered at Site U1336.
Discussion
Unit I light–dark color cycles 
Pronounced submeter-scale color variations are com-
mon within the nannofossil oozes of Miocene age
found in Unit I. These light–dark cycles are associ-
ated with variations in the relative amounts of acces-
sory lithologic components within the nannofossil
oozes, including clay, radiolarians, and diatoms (Fig.
F5). These lithologic cycles are also apparent in a
higher amplitude of variation in physical properties,
including L*, b*, magnetic susceptibility, and GRA
bulk density (Fig. F4; see “Physical properties”).
Nannofossils dominate these sediments, making up
between 50% and 95% of smear slide samples. The
remainder is made up of clay, radiolarians, or diatoms
(Fig. F5; see “Site U1336 smear slides” in “Core
descriptions”). Two white (10YR 8/1) diatom nanno-
fossil ooze layers (Samples 320-U1336A-5H-2, 22–
36 cm, and 6H-2, 87–92 cm) occur at 38.34 and
48.40 m CSF. These layers stand out because they are
visually brighter than the surrounding sediments
(nearest L* measurements are 88 and 83.5 for the up-
per and lower layers, respectively) and also have a
unique spongy texture that causes pilling during sur-
face scraping in preparation for line scan imaging.
Smear slide analysis indicates that the diatom assem-
blage is composed primarily of pennate taxa, with
abundant needlelike Thalassiothrix spp. (Fig. F6). The
low abundance of diatoms (<5%) in most dark layers,8
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nannofossils, suggests that the observed lithologic
variations within the nannofossil oozes could be the
product of dissolution cycles; however, more detailed
mass accumulation rate data are needed to test this.
Redox-related color changes
Site U1336 sediments are marked by vivid color
changes that are made obvious against the backdrop
of otherwise relatively white nannofossil oozes and
chalks. Sediment color shows a downhole shift from
white (10YR 8/1) to very pale brown (10YR 7/3)
through pale yellow (2.5Y 8/2) to light greenish gray
(10GY 8/1) over a 30 m thick interval (65–95 m CSF).
This greenish gray color starts abruptly (Fig. F8) at
92.14 m CSF in Hole U1336A and at 91.8 m CSF in
Hole U1336B and spans a ~198 m thick interval be-
fore shifting to white and pink below 290.41 m CSF
in Hole U1336A (not recovered in Hole U1336B).
Reflectance parameters a* and b*, which measure
green–red and blue–yellow portions of the spectrum,
respectively, shift in a steplike manner to lower
values with these observed color changes (Fig. F7).
Magnetic susceptibility drops to near zero in the
transition from very pale brown to pale yellow and
remains very weak throughout the light greenish gray
interval, the same pattern observed at Sites U1334
and U1335. With elevated Fe and Mn pore water
concentrations, discrete millimeter- to centimeter-
scale color bands occur within the interval of light
greenish gray to white nannofossil ooze where Fe re-
duction has occurred in Units II and III. Although
there is no obvious lithologic specificity, the banded
sediments are sometimes more consolidated than the
immediately overlying and underlying sediments.
The pattern of changing sediment color, physical
and magnetic properties, and pore water chemistry
seen at Site U1336 suggests loss of Fe-bearing miner-
als during diagenesis by microbial Fe reduction. A
diagenetic origin for the color bands is suggested by
their occurrence in the interval of the sequence that
has undergone Fe reduction, their lack of lithologic
specificity, and induration sometimes associated
with discrete beds with particularly prominent band-
ing. Similar “light gray-green banded chalk” is re-
ported from DSDP Site 79 (2°33.02′N, 121°34.00′W)
with high Fe (105 µM/kg) and Mn (1000 µM/kg)
interstitial water concentrations (Presley and Kaplan,
1972).
Summary
At Site U1336 ~300 m of pelagic sediments are di-
vided into three major lithologic units. Sediments
are composed mainly of nannofossil oozes, nanno-
fossil chalks, and chert. The early to middle MioceneProc. IODP | Volume 320/321sedimentary sequence of Unit I contains more radio-
larians, clay, foraminifers, and diatoms relative to the
early Miocene to early Oligocene sediments below
~75 m CSF. Subtle changes in the relative proportions
of these minor components produce meter-scale
dark–light color cycles and two diatom-rich layers.
Numerous rounded fragments of pumice occur
throughout this unit. The oxidation-reduction reac-
tions responsible for the observed vivid colors and
pore water chemistry changes are likely fueled by
enhanced availability of organic carbon relative to
overlying and underlying sediments. Thin chert
layers were encountered near 124 m CSF in Unit II,
but mainly broken fragments were recovered, except
for a small in situ chert fragment at 159.6 m CSF in
interval 320-U1336B-18H-4, 106 cm. More abundant
chert layers are common in Unit III.
Biostratigraphy
At Site U1336 we recovered a 300 m thick sequence
of middle Miocene to lower Oligocene nannofossil
ooze and chalk with thin chert layers toward the
base. Calcareous nannofossils are present through-
out the succession, and there appears to be a com-
plete sequence of nannofossil zones from Zone NN6
(middle Miocene) through Zone NP22 (lower Oligo-
cene), except for Zone NN3, which could not be re-
solved. Radiolarians are present in the upper half of
the section only, and Zones RN6–RP22 are present.
Similarly, diatoms are only found in the upper cores
and are poorly preserved. Planktonic foraminifers are
present throughout the succession, and Zones N12
(Subzone M9b)–O1 are recognized. Planktonic fora-
minifers are abundant and moderately well pre-
served in the Miocene but less well preserved in the
Oligocene. No preservational changes were associ-
ated with the sediment color shift from brown and
very pale brown to light greenish gray. Ostracodes
were occasionally observed in samples. The nanno-
fossil, foraminifer, radiolarian, and diatom datums
and zonal determinations agree well, and an inte-
grated calcareous and siliceous microfossil biozona-
tion is shown in Figure F10. An age-depth plot
including biostratigraphic and paleomagnetic datums
is shown in Figure F11. Benthic foraminifers are
present throughout the section and indicate lower
bathyal to abyssal paleodepths.
Calcareous nannofossils
Calcareous nannofossil biostratigraphy is based on
analysis of core catcher and core section samples
from both holes. Depth positions (CSF) and age esti-
mates of biostratigraphic marker events are pre-
sented in Table T3. Nannofossils are abundant and9
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vals of poor preservation. Preservation is poor to
moderate through most of the Oligocene.
The uppermost sample investigated (Sample 320-
U1336A-1H-1, 110 cm) contains Coronocyclus nitescens
and Calcidiscus premacintyrei without Sphenolithus
heteromorphus, indicating a Zone NN6 age. Sample
320-U1336B-1H-CC lacks C. nitescens and C. prema-
cintyrei. The top common occurrence of Cyclicargoli-
thus floridanus (lowermost Zone NN6) is recognized
in Sample 320-U1336A-2H-6, 80 cm, just above the
top S. hetermorphus (base of Zone NN6) in Sample
320-U1336A-3H-2, 90 cm. In Hole U1336B, both
events occur within Core 320-U1336B-3H. Nanno-
fossil Zones NN4 and NN5 cannot be differentiated
in this succession because of the absence of the zonal
marker Helicosphaera ampliaperta; however, the pres-
ence of Discoaster petaliformis between Samples 320-
U1336A-3H-4, 90 cm, and 5H-4, 64 cm, indicates a
position in upper Zones NN4 to NN5 (Young, 1999;
Raffi et al., 2006). The base of D. petaliformis has
been calibrated at 15.70 Ma at ODP Sites 925 and
926 (as Discoaster signus in Raffi et al., 2006). This
event was observed in Sample 320-U1336A-5H-4,
64 cm. The intra–Zone NN4 datum top common Dis-
coaster deflandrei occurs in Sample 320-U1336A-4H-4,
90 cm, at a level that appears to be too high in com-
parison with surrounding biostratigraphic datums.
This may be due to difficulties in distinguishing D.
deflandrei from Discoaster exilis in material where dis-
coaster identification is impaired by relatively poor
preservation. In Hole U1336B, the top common da-
tum of D. deflandrei is quite distinct because of the
lower sample resolution used; it occurs within Core
320-U1336B-5H.
The base of S. heteromorphus occurs in Sample 320-
U1336A-7H-2, 50 cm, together with frequent
Sphenolithus belemnos in Hole U1336A, and in Core
320-U1336B-7H. Zone NN3 is defined by the extinc-
tions of S. belemnos (top) and Triquetrorhabdulus cari-
natus (bottom). As these events are only 1.5 m apart
(i.e., in adjacent samples), this suggests that Zone NN3
is missing or confined to a condensed interval be-
tween Samples 320-U1336A-7H-2, 50 cm, and 7H-3,
53 cm. Alternatively, the ranges of one or both of
these taxa may be modified in the equatorial Pacific
Ocean.
The intra–Zone NN2 datums, base of S. belemnos and
top acme of T. carinatus (Raffi et al., 2006) are recog-
nized in Samples 320-U1336A-8H-CC and 13H-CC,
respectively. The lowermost occurrence of Discoaster
druggii was observed in Samples 320-U1336A-14H-
CC and 320-U1336B-14H-CC. Its rare and discontin-
uous distribution makes it difficult to exactly place
the Zone NN1/NN2 boundary. The base of Sphenoli-Proc. IODP | Volume 320/321thus disbelemnos occurs in Sample 320-U1336A-15H-
CC and Sample 320-U1336B-15H-1, 10 cm. The top
and base of S. delphix occurs in Samples 320-U1336A-
17H-4, 90 cm, and 17H-6, 90 cm, respectively, al-
though the species is rare and difficult to distinguish
in these relatively poorly preserved assemblages. In
Hole U1336B, S. delphix occurs from Sample 320-
U1336B 17H-1, 150 cm, to 17H-3, 149 cm. The ex-
tinction of this species occurs just prior to (<100 k.y.)
the Oligocene/Miocene boundary.
The Oligocene succession is predominantly nanno-
fossil chalk with abundant nannofossils but poor to
moderate preservation. The top of Zone NP25 is rec-
ognized by the top of Sphenolithus ciperoensis in
Sample 320-U1336A-20H-CC. The intra–Zone NP24
abundance crossover from Triquetrorhabdulus longus
to T. carinatus is difficult to place because of the poor
preservation of these nannolith taxa—especially cal-
citic overgrowth of the slender rodlike taxa T. longus,
which makes it indistinct from the thicker T. carinatus—
but our initial analysis places it between Samples
320-U1336A-20H-CC and 20H-5, 100 cm, close to the
top of S. ciperoensis datum. As at Sites U1332–U1335,
the top of Cyclicargolithus abisectus was picked at this
site in Sample 320-U1336A-19H-6, 70 cm, at a level
consistent with the calibration for the top acme of C.
abisectus (also Sites U1332–U1335). In Hole U1336B,
this species was only observed in the lowermost core
catcher sample (320-U1336B-20H-CC). The top of
this species thus appears to have biostratigraphic po-
tential in the paleoequatorial Pacific Ocean. The base
of Zone NP25 is placed at the top of Sphenolithus dis-
tentus in Sample 320-U1336A-24X-3, 73 cm, and the
base of Zone NP24 at the base of S. ciperoensis in Sam-
ple 320-U1336A-24X-5, 53 cm. The first appearance
of S. distentus occurs within Zone NP23, in Sample
320-U1336A-29X-3, 40 cm. The top of Reticulofenes-
tra umbilicus occurs in Sample 320-U1336A-35X-1,
34 cm, at the base of the sedimentary succession
marking the base of Zone NP23. 
Radiolarians
Radiolarian stratigraphy at Site U1336 (Table T4)
spans the interval from just above the Zone RN6/
RN5 boundary (middle Miocene) to the upper part of
Zone RP22 (upper Oligocene). Below this level the
sediments are barren of radiolarians. Above this level
assemblages tend to have good to moderate preserva-
tion, with intermittent intervals of good preservation
in Zones RN3 and RN4 (lower to middle Miocene).
Species abundance and preservation are shown in
Tables T5 and T6. One of the unusual aspects of this
site was the recovery of well-preserved upper middle
Miocene sediments practically at the seafloor. There
is no sign of younger sedimentary material and only10
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ments of Cores 320-U1336A-1H and 2H. Most of the
other sites drilled in the region a few degrees north
of the Pacific Equator encounter a layer of barren
clay or radiolarian clay of variable thickness at the
sediment surface. This clay usually contains radiolar-
ian microfossils of widely ranging ages. The sediment
surface at Site U1336 appears swept clean.
The downsection decrease in preservation and ulti-
mate disappearance of the radiolarians below Core
320-U1336A-19H appears to be associated with dis-
solution and reprecipitation of the biogenic silica as
intergranular cement and chert. It has been pro-
posed that the dissolution of biogenic silica is the
source of silica forming porcellinite and chert, and
on crust <65 Ma in age, almost all cherts in the
Pacific lie <150 m above basement (Moore, 2008b).
Chert encountered at this site (see “Lithostratigra-
phy”) fits within these criteria. What is unusual about
silica dissolution at this site is that it extends so far
up into the section. Normally the silica-free zone
(the zone of the sediments at the base of a sedimen-
tary section that is devoid of siliceous microfossils)
extends only ≤40 m above the basement in Pacific
sediments (Moore, 2008a). Here the silica-free zone
extends >120 m above basement, something that is
usually seen only in sites on the older crust of the
western Pacific. Moore (2008a, 2008b) proposes that
the dissolution of the silica in basal sedimentary
sections is associated with the circulation of warm
hydrothermal waters in the upper oceanic crust that
extends into the lower sediments when they are cut
by permeable fractures and faults. Such small-offset
faults appear to be present in the section near this
site (Fig. F2). These faults, combined with possible
higher heat flow so close to a major fracture zone
(located 10 km south of the site), may have aided in
a much more pervasive dissolution of the biogenic
silica in the basal sediments at Site U1336.
The topmost part of the section corresponds to the
lowest part of Zone RN6 (uppermost middle Miocene)
that is based on the presence of Diarutus pettersoni
and Dorcadospyris alata (Samples 320-U1366A-1H-4,
104–106 cm, and 320-U1336B-1H-CC). Only core
catcher samples were investigated in Hole U1336B.
Zone RN5 is well distinguished by four datum events
(Table T4). The Zone RN5/RN4 boundary occurs
between Samples 320-U1336A-4H-2, 105–107 cm,
and 4H-4, 105–107 cm, and in Core 320-U1336B-5H.
This boundary is defined by the evolutionary transi-
tion from Dorcadospyris dentata to D. alata.
In Hole U1336A, the Zone RN4/ RN3 boundary was
recognized by the base of Calocycletta (Calocyclissima)
costata between Samples 320-U1336A-6H-4, 105–
107 cm, and 6H-CC. The base of Zone RN3 is distin-Proc. IODP | Volume 320/321guished by the evolutionary appearance of Stychocorys
wolffii between Samples 320-U1336A-8H-2, 105–
107 cm, and 8H-4, 105–107 cm. The top of Zone
RN1, defined by the top of Theocyrtis anossa, occurs
between Samples 320-U1336A-12H-2, 105–107 cm,
and 12H-4, 105–107 cm, and in Core 320-U1336B-
14H. The base of Zone RN1 is determined by the base
of Cyrtocapsella tetrapera between Sample 320-
U1336A-15H-4, 105–107 cm, and Sample 320-
U1336A-15H-CC and in Core 320-U1336B-15H. The
lower sections contain Lychnocanomma elongata,
indicating Zone RP22. Eight radiolarian events are
observed within Zone RP22 in Hole U1336A.
The Oligocene/Miocene boundary occurs between
Sample 320-U1336A-16H-CC and Sample 320-
U1336A-17H-4, 105–107 cm, as suggested by the
presence of Dorcadospyris cyclacantha, which has a
short stratigraphic range across the Oligocene/
Miocene boundary. It appears at 23.29 Ma and disap-
pears just after the Oligocene/Miocene boundary at
22.98 Ma. In Hole U1336B, D. cyclacantha was ob-
served only in Sample U1336B-17H-CC.
Diatoms
The diatom stratigraphy in Hole U1336B (Table T7)
spans the interval from just above the C. peplum
zone (middle Miocene) in Core 320-U1336B-1H to
the lowermost part of C. nicobarica zone (upper lower
Miocene) in Sample 320-U1336B-7H-CC. Below
Sample 320-U1336B-7H-CC, the sediments are bar-
ren of diatoms. Above this level the valves tend to be
mostly poorly preserved. Sample 320-U1336B-1H-
CC contains the highest diversity with C. pulchellus
as dominant component, accompanied by C. jouse-
ana, and T. yabei. Fragments of the large centric
diatoms Ethmodiscus are present in the upper part of
Hole U1336B.
Planktonic foraminifers
A high-resolution planktonic foraminifer biostratig-
raphy was generated at Site U1336 using core catch-
ers and supplementary additional samples, usually
two per core. The sedimentary succession at this site
ranges from Subzone M9b (Zone N12) (middle Mio-
cene) to Zones O1–O2 (lower Oligocene) (Fig. F10;
Table T8), which agrees well with calcareous nanno-
fossil and radiolarian biostratigraphy (Fig. F11). Spe-
cies abundance and preservation are shown in Tables
T9 and T10. The preservation and abundance of
planktonic foraminifers is moderate in the upper
part of the succession and deteriorates to poor down-
core with extensive infilling and encrustation. Pres-
ervation of planktonic foraminifer tests is inferior to
nearby equatorial Pacific Ocean sites drilled during
DSDP Leg 9 (Jenkins and Orr, 1972). Planktonic11
Expedition 320/321 Scientists Site U1336foraminifer tests can account for >70% of the total
residue in each sample, but some intervals are char-
acterized by lower abundance and assemblages are
dominated by dissolution-resistant forms (i.e., Sam-
ples 320-U1336A-6H-4, 38–40 cm, and 320-U1336B-
17H-3, 80–82 cm); in such cases identification of
datum events is difficult. As a result of the extensive
infilling we applied a very broad definition to
Globoquadrina venezuelana, which is dominant to
abundant in most samples. Preservation is poor in
the lowest part of the sedimentary succession con-
sisting of nannofossil chalk. Planktonic foraminifers
are encrusted with calcite in this section and it is dif-
ficult to identify and/or estimate the percentage of
planktonic foraminifers in each sample because the
washing process failed to successfully extract all the
foraminifers from the chalk.
A continuous record of the middle to lower Miocene
is observed from Subzone M9b (Zone N12) to Sub-
zone M1a. Subzone M9a through Zone M8 (Zone
N12) are distinguished on the basis of several datum
events within the Globorotalia (Fohsella) fohsi group
(Table T8). The base of Globorotalia (Fohsella) fohsi
robusta occurred in Samples 320-U1336A-1H-3, 38–
40 cm, and 320-U1336B-1H-CC. The Zone M7/M8
(N11/N12) boundary is defined by the base of G.
(Fohsella) fohsi sensu lato in Samples 320-U1336A-
2H-CC and 320-U1336B-2H-CC. The base of Zone
N11 is indicated by the base of Globorotalia (Fohsella)
“praefohsi” in Samples 320-U1336A-3H-5, 38–40 cm,
and 320-U1336B-3H-CC.
It was not possible to fully constrain the boundary
between Zones M6–M7 (N9–N10) because the base of
Globorotalia (Fohsella) peripheroacuta (14.24 Ma) on
which it is defined appears to occur deeper than the
base of Orbulina spp. (14.74 Ma), which separates
Zones M6 and M5. Higher resolution samples in
Cores 320-U1336A-3H and 4H may be needed in or-
der to fully resolve these zonal boundaries. However,
Zone M5 is identified between the base of Orbulina
spp. in Samples 320-U1336A-3H-CC and 320-
U1336B-3H-CC and the base of Praeorbulina sicana in
Samples 320-U1336A-6H-2, 38–40 cm, and 320-
U1336B-6H-CC. The rarity of Catapsydrax dissimilis
in Hole U1336A made it difficult to distinguish the
Zone M3/M4 boundary; however, in Hole U1336B
the top of C. dissimilis was constrained to the interval
between Samples 320-U1336B-7H-CC and 8H-CC. It
was not possible to identify the boundary between
Zones M3 and M2 because of the absence of Globiger-
inatella insueta. The top of P. kugleri defines the top of
Subzone M1b and was found between Samples 320-
U1336A-10H-CC and 11H-2, 30–32 cm. The base of
Subzone M1b was between Samples 320-U1336A-
15H-2, 38–40 cm, and 15H-4, 38–40 cm, using theProc. IODP | Volume 320/321base of Globoquadrina dehiscens. The co-occurrence of
P. kugleri, Paragloborotalia pseudokugleri, and G. dehis-
cens in Sample 320-U1336A-11H-2, 38–40 cm, and
Samples 320-U1336B-12-CC, 13-CC, and 14-CC
indicate Subzone M1b.
The base of Zone M1 is marked by the base of P. ku-
gleri and is employed to approximate the Oligocene/
Miocene boundary (Steininger et al., 1997). It occurs
between Samples 320-U1336A-16H-CC and 17H-2,
38–40 cm, and between Samples 320-U1336B-16H-1,
52–54 cm, and 17H-3, 80–82 cm. Only specimens
with a subacute periphery and more than six cham-
bers in the final whorl were considered to be P.
kugleri (see Pearson and Wade, 2009, for discussion).
Sample 320-U1336B-16H-CC contained many re-
worked specimens of early and middle Oligocene age
and could not be used to provide further constraint
on the base of Zone M1.
In the upper part of Zone O6, robust dentoglobiger-
inids and paragloborotaliids are more abundant. The
upper part of Zone O6 is indicated by the presence of
P. pseudokugleri. The 150–250 µm size fraction con-
tains assemblages abundant and diverse in paraglo-
borotaliids, but they are rare in the >250 µm size
fraction. This is consistent with the size change in
paragloborotaliids documented at Site 1218 (Wade et
al., 2007). Frequent specimens of Dentoglobigerina ga-
lavisi, Dentoglobigerina tripartita, G. venezuelana, and
Paragloborotalia nana are found in lowermost part of
Zone O6. The top of Paragloborotalia opima marks the
top of Zone O5, and whereas at previous sites it was
not observed, the lower boundary of this zone is
fully identified in Hole U1336A by the top of the
common occurrence of Chiloguembelina cubensis
(28.0 Ma) that occurs between Samples 320-U1336A-
25X-2, 45–47 cm, and 25X-CC. The base of Globiger-
ina angulisuturalis defines the base of Zone O4 and
occurs between Samples 320-U1336A-27X-CC and
28X-2, 20–22 cm. Zone O3 is partially distinguished
by the co-occurrence of Subbotina angiporoides, Tur-
borotalia ampliapertura, and P. opima (i.e., Sample
320-U1336A-29X-CC). Zones O1 and O2 at the base
of the succession are not fully constrained, although
the lack of P. opima and the presence of P. nana, C.
dissimilis, Dentoglobigerina spp., and Turborotalia am-
pliapertura indicate that the lower Oligocene is pre-
served. Further age control is difficult because of the
poor preservation of the planktonic foraminifers in
the deeper part of the section.
Benthic foraminifers
Benthic foraminifers were examined in core catcher
samples from Holes U1336A and U1336B. The
occurrence of benthic foraminifers at this site is
shown in Tables T11 and T12. The sample intervals12
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(8.22–299.61 m CSF) and 320-U1336B-1H-CC through
20H-CC (1.68–174.01 m CSF) contain benthic
foraminifers continuously, although abundances are
low overall. Samples 320-U1336A-34X-CC (294.10 m
CSF), within a chert interval, and 6H-CC (49.87 m
CSF), within a radiolarian ooze, contain rare benthic
foraminifers. Benthic to planktonic foraminifer
ratios are ~1%–2% in Samples 320-U1336B-1H-CC
through 16H-CC (8.22–136.86 m CSF), except in
Sample 320-U1336B-6H-CC (49.87 m CSF), where
the benthic to planktonic foraminifer ratio rises to
25%. In Samples 320-U1336B-16H-CC through 20H-
CC (136.81–174.01 m CSF), benthic to planktonic
foraminifer ratios increase to 5%–10%. Fish teeth
and ostracodes are present in most of the core
catcher samples examined. Benthic foraminifer tests
are moderately well preserved in the upper part of
Site U1336 (Samples 320-U1336A-1H-CC through
19H-CC, 8.22–170.63 m CSF; and 320-U1336B-1H-
CC through 20H-CC, 1.68–174.01 m CSF), but
preservation deteriorates and tests are frequently
abraded and infilled below this level.
The Oligocene to middle Miocene benthic foramini-
fer assemblage at Site U1336 is relatively diverse and
indicates oligotrophic, lower bathyal to abyssal pa-
leodepths. Characteristic taxa are Cibicidoides mundu-
lus, Globocassidulina subglobosa, Gyroidinoides spp.,
Laticarinina pauperata, Nuttallides umbonifer, Oridorsa-
lis umbonatus, Pullenia bulloides, and Siphonodosaria
spp. Brizalina pusilla is abundant (39%) in Sample
320-U1336A-30X-CC (264.48 m CSF). The benthic
foraminifer assemblage at Site U1336 closely resem-
bles Oligocene and early Miocene assemblages previ-
ously described from the eastern equatorial Pacific
Ocean (ODP Site 573, Thomas, 1985; ODP Sites 1218
and 1219, Takata and Nomura, 2005). The assem-
blage from Site U1336 also shows close affinity to
Oligocene and middle Miocene assemblages from
Sites U1332–U1334, although N. umbonifer occurs less
frequently at Site U1336 than at these other sites.
Paleomagnetism
We conducted a paleomagnetic study of archive-half
sections of 21 APC cores from Hole U1336A and 20
APC cores from Hole U1336B with the primary
objective of determining the magnetostratigraphy of
the site and providing chronostratigraphic constraints.
To accomplish this, we measured the NRM of each
section at either 5 or 2.5 cm intervals (depending on
time availability) before and after demagnetization
at a peak AF of 20 mT. AF demagnetization at a peak
field of 10 mT was also carried out for most Hole
U1336B core sections. We processed the paleomag-Proc. IODP | Volume 320/321netic data by removing measurements made within
5 cm (or 7.5 cm when measured at 2.5 cm intervals)
of section ends and data from disturbed intervals
(Table T13).
The FlexIt core orientation tool was not deployed at
the site because the conclusion, derived from Sites
U1331 and U1332, that the output of the tool was
erratic and inconsistent with expected remanence di-
rections for sediments of this age from this location
(we expected Neogene declinations to lie close to
north for the normal polarity and close to south for
the reversed polarity). The remanence inclination is
close to zero, as expected for a site located close to
the paleoequator, making inclination not diagnostic
of polarity. The lack of core orientation gave us an
unwelcome degree of freedom in the assignment of
polarity, as each core can be rotated in azimuth
through 180° to change the sign of any polarity
zone. Azimuthal core orientation had to be deter-
mined solely by correlating distinct reversals pat-
terns as recorded by the paleomagnetic declination
with the GPTS (see “Paleomagnetism” in the
“Methods” chapter and “Paleomagnetism” in the
“Site U1331” chapter). Although this process is aided
by biostratigraphic age constraints, which limit the
range of possible correlations with the GPTS (see
“Biostratigraphy”), it is the polarity zone pattern
and its fit to the GPTS that provided the basis for the
match. Once we had identified a possible reversal
pattern, data were oriented so that normal and re-
versed polarity zones had declinations of ~0° and
~180°, respectively.
We measured magnetic susceptibilities and masses of
138 discrete samples. Volumes of samples were recal-
culated using sediment MAD data (see “Physical
properties”) and the magnetic susceptibilities were
subsequently normalized using recalculated volumes
and masses. Of these samples, 20 were stepwise AF
demagnetized and measured at 5 mT steps to a peak
field of 40 mT and 10 mT steps to 60 mT.
Results
Downhole paleomagnetic data for Holes U1336A
and U1336B are presented in Figures F12, F13, F14,
F15, and F16. Measurements of NRM above ~80 m
CSF in Holes U1336A and U1336B indicate moderate
magnetization intensities (~1 × 10–3 A/m) with a
patchy but generally weak VRM or isothermal rema-
nent magnetization IRM drilling overprint (see
“Paleomagnetism” in the “Site U1331” chapter).
Polarity reversal sequences are clearly recognized in
general. Demagnetization data from discrete samples
above ~80 m CSF (Fig. F17; Table T14) indicate that
the characteristic remanent magnetization (ChRM)
of the sediments is identified at the 10–20 mT de-13
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directions of the ChRM components above ~80 m
CSF agree with measurements of coeval intervals
from the archive halves (Fig. F12), indicating that
the magnetic directions after 20 mT demagnetiza-
tion provide a reliable indicator of the ChRM of the
sediments.
Below ~80 m CSF, a zone of diagenetic alteration in-
volving dissolution of remanence carriers (see
“Paleomagnetism” in the “Site U1334” chapter) re-
duces remanent intensities after 20 mT AF demagne-
tization to values close to magnetometer noise level
in the shipboard environment (~2 × 10–5 A/m). In
this zone, sediment magnetizations have been partly
or entirely overprinted during the coring process and
remanent inclinations are sometimes steeply nega-
tive after AF demagnetization at a peak field of
20 mT. At ~130–140 m CSF (Cores 320-U1336A-15H
through 16H and 320-U1336B-15H) and below
~160 m CSF (Cores 320-U1336A-19H through 21H
and 320-U1336B-18H through 20H), polarity rever-
sals are apparently present but the inclinations are
steep (as much as 80°), indicating that the drilling
overprint has not been effectively removed during
shipboard demagnetization.
Magnetostratigraphy
In the upper ~80 m CSF, correlation of polarity zones
with the GPTS is guided by the biostratigraphic
framework of key nannofossil and foraminifer da-
tums from core catcher and additional samples (see
“Biostratigraphy”) but is based largely on the polar-
ity zone pattern fit to the GPTS. Reversal depths are
provided in Table T15 and polarity interpretation is
shown in Figure F16. At the top of Holes U1336A
and U1336B, polarity assignments are constrained
by the tops of nannofossils C. nitescens and C. prema-
cintyrei, which have ages of 12.12 Ma and 12.45 Ma,
respectively. We correlate the uppermost reversed
polarity zone to the base of Chron C5r of the GPTS
(Fig. F16). Cores 320-U1336A-3H and 320-U1336B-
4H contain a ~10 m thick normal polarity zone,
which we tentatively correlate to normal polarity
Chrons C5ACn and C5ADn; Chron C5ACr was not
identified. The base of Core 320-U1336A-4H has an
age of 15.7 Ma (see “Biostratigraphy”); therefore,
we correlate the reversal sequence within Cores 320-
U1336A-4H, 320-U1336B-4H, and 5H with Chrons
C5ADr and C5Bn (Fig. F16). The top of the polarity
zone corresponding to Chron C5Br occurs at the
base of Core 320-U1336-4H and top of Core 320-
U1336B-5H, with the base of the polarity zone at the
base of Core 320-U1336A-5H and at the top of Core
320-U1336B-6H. Below the polarity zone corre-
sponding to Chron C5Br, our correlation with theProc. IODP | Volume 320/321GPTS is relatively unambiguous through Core 320-
U1336A-9H, which contains the upper portions of
Chron C6n. Below ~90 m CCSF-A the magnetization
intensity of the sediments decreases below analytical
noise level; however, below ~160 m CSF a reversal
pattern is discernible (Figs. F13, F15) but difficult to
correlate with GPTS in the absence of core orienta-
tion data.
Geochemistry
Sediment gases sampling and analysis
Headspace gas samples were taken at a frequency of
one sample per core in Hole U1336A as part of the
routine environmental protection and safety moni-
toring program. All headspace sample analyses
resulted in nondetectable levels of methane (C1;
<2 ppmv), with no higher hydrocarbons.
Interstitial water sampling and chemistry
Twenty-two interstitial water samples were collected
from Hole U1336B (Table T16) in the APC-cored in-
terval using the whole-round squeezing method.
Chemical constituents were determined according to
the procedures outlined in “Geochemistry” in the
“Methods” chapter. Chlorinity varies from ~555 mM
in the shallowest sample to ~565–570 mM in deeper
samples (Fig. F18). Chlorinity values have a distinct
increase from ~555 to ~570 mM in the uppermost
40 m CSF, potentially reflecting the change from the
more saline ocean at the Last Glacial Maximum to
the present (Adkins and Schrag, 2003). Alkalinity is
relatively constant at >2.5 mM in the upper 110 m
CSF, with a pronounced decline to 1 mM by 170 m
CSF. Sulfate concentrations decrease with depth to
values of 22 mM. Dissolved phosphate concentra-
tions are ~5 µM at ~9 m CSF, decreasing to ~1 µM by
~15 m CSF. Dissolved manganese has a broad peak to
>5 µM from ~25 to 120 m CSF and then returns to
~1.8 µM in the deepest four samples. Below 100 m
CSF, dissolved iron increases coincident with manga-
nese decline, with concentrations reaching >10 µM
below 130 m CSF.
Because of the relatively high sulfate concentrations,
dissolved Ba concentrations are below detection
(0.5 µM). Concentrations of dissolved silicate in-
crease with depth from <400 to 800 µM.
Calcium and magnesium concentrations increase and
decrease with depth, respectively, with calcium values
from 10 to 29 mM and magnesium values from 50 to
28 mM (Fig. F18). This is indicative of diffusional
control of Mg and Ca profiles between seawater at
the top and the reaction zone of fluid and basalt in
the underlying basement (e.g., Gieskes, 1981).14
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surface to <10 µM below 130 m CSF, and potassium
concentrations decrease with depth to values as low
as 8 mM. Strontium concentrations increase from
near-seawater values in the shallowest sample to
>400 µM in the deepest samples, the highest values
seen during this expedition. Boron concentrations
range between 440 and 490 µM, showing a slight de-
crease downcore.
Bulk sediment geochemistry
Calcium carbonate (CaCO3) and inorganic carbon
concentrations were determined on sediment sam-
ples from Hole U1336A (Table T17; Fig. F19), and
calcium carbonate, inorganic carbon, and total or-
ganic carbon (TOC) concentrations were determined
on 39 sediment samples from Hole U1336B. TOC
was not run on samples from Hole U1336A because
samples from Hole U1336A were accidently sent to
the Gulf Coast Repository during the Expedition
320/321 port call (Table T17; Fig. F19). Calcium car-
bonate concentrations ranged between 48 and 96
wt%. In the uppermost ~90 m CSF, CaCO3 concen-
trations vary between 48 and 95 wt%, with a distinct
low at 48 m CSF. Below 90 m CSF, CaCO3 concentra-
tions are consistently high (77 to 96 wt%). Variations
in CaCO3 concentrations correspond to lithostrati-
graphic observations (see “Lithostratigraphy”). TOC
content is generally low throughout the sediment
column, ranging between 0.05 and 0.08 wt%; how-
ever, relatively high TOC concentrations (0.10 to
0.30 wt%) are observed at 0.71 and 51.52 m CSF and
in the interval between 108.51 and 135.22 m CSF.
In Hole U1336B, bulk sediment samples were
analyzed at a frequency of one per core for silicon,
aluminum, iron, manganese, magnesium, calcium,
sodium, potassium, titanium, phosphorus, barium,
copper, chromium, scandium, strontium, vanadium,
yttrium, and zirconium (Table T18). Concentrations
of noncarbonate components like SiO2, Al2O3, and
Fe2O3 display similar patterns, with the highest val-
ues occurring in the uppermost sediments and de-
creasing to a minimum between 100 and 140 m CSF
before a small peak at the base of the section. Ca
(carbonate) content displays the opposite pattern,
indicating the important role of carbonate dilution
in determining the bulk sediment composition at
this site.
Physical properties
Physical properties at Site U1336 were measured on
whole cores, split cores, and discrete samples.
WRMSL measurements (GRA bulk density, magnetic
susceptibility, and P-wave velocity), thermal conduc-
tivity, and NGR measurements comprised the whole-Proc. IODP | Volume 320/321core measurements. For Hole U1336A, compressional
wave velocity measurements on split cores and MAD
analyses on discrete core samples were made at a fre-
quency of one per undisturbed section in Cores 320-
U1336A-1H through 35X. The SHMSL, configured
with the Ocean Optics sensor, was used to measure
spectral reflectance on archive-half sections. Resolu-
tion was reduced from 2.5 to 5 cm for Hole U1336A
cores as a result of time constraints.
Hole U1336B cores were analyzed by the WRMSL
and NGR detector during Expedition 320 and placed
directly into cold storage unsplit. During Expedition
321, thermal conductivity measurements were made
on whole-round sections. After the cores were split,
MAD and velocity measurements were made on sam-
ples from every other section. Sediment reflectance
was measured on all archive-half cores with the
SHMSL at a resolution of 2.5 cm.
Density and porosity
Two methods were used to determine bulk sediment
properties at Site U1336, GRA for the bulk density of
whole-round sections (Fig. F20), and MAD analyses
for wet bulk density, dry bulk density, grain density,
water content, and porosity of discrete samples (Fig.
F21; Table T19). MAD and GRA bulk density mea-
surements display the same trends and are similar in
absolute values through the entire section (Fig.
F21B). Cross-plots of wet bulk density and dry bulk
density versus interpolated GRA bulk density (Fig.
F22) show excellent correlation between MAD and
GRA density data.
Generally, wet bulk density corresponds with
changes in lithology (Fig. F21B). Wet bulk density is
lowest in lithologic Unit I (1.4–1.7 g/cm3) and re-
flects variations in the amount of minor lithologic
components (clay, radiolarians, and diatoms) within
the major lithology of nannofossil ooze. In Unit II,
bulk density increases slightly and becomes more
uniform (~1.7 g/cm3). In Unit III, which also corre-
sponds to the XCB-cored interval, bulk density be-
comes highly irregular, ranging from lower density
at the top of cores to higher density at the base of
cores. This pattern reflects drilling disturbance at the
top of XCB cores. The average wet bulk density for
the XCB portion can be determined from the dis-
crete MAD analyses that were cut directly from un-
disturbed intervals. Wet bulk density values in Unit
III average 1.9 g/cm3, reflecting increased compac-
tion of the sediments at depths >180 m CSF.
Variations in grain density (ρS) in Hole U1336A gen-
erally match changes in lithology (Fig. F21C). At the
top of Hole U1336A grain density is 3.0 g/cm3 and
decreases rapidly, reflecting clay-rich sediments that
grade rapidly into nannofossil ooze. Grain density15
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from 2.6 to 2.9 g/cm3. This average and range reflect
the dominance of carbonate material (calcite; ρS =
2.70 g/cm3) at Site U1336. Grain densities deter-
mined for Hole U1336B average ~0.1 g/cm3 less than
grain densities determined for the same interval in
Hole U1336A. The lower density of Hole U1336B
material most likely reflects a larger sample volume
and reduction of measurement error and error asso-
ciated with mass and volume values derived from
the assumed salt content of the pore fluid.
Porosity and water content vary inversely with wet
bulk density (Fig. F21A). The highest porosities occur
in lithologic Unit I, varying from 65% to 80%. At the
boundary between Units I and II porosity begins to
decrease gradually toward the base of Unit II, where
values average from 55% to 60% at ~184 m CSF. A
shift to lower porosity accompanies the shift to
higher density in Unit III. Porosity in this interval
ranges from 45% to 60%.
Magnetic susceptibility
Whole-round magnetic susceptibility measurements
correlate well with the major differences in lithology
at Site U1336 (Fig. F20). Magnetic susceptibility values
are highest in lithologic Unit I and show high ampli-
tude and high frequency variations from 5 × 10–5 to
30 × 10–5 SI. Across the boundary between Units I
and II, susceptibility decreases from ~10 × 10–5 to
near 0 SI and remains low to the bottom of Hole
U1336A. There is a slight increase in the amplitude
and frequency of the variation of magnetic suscepti-
bility in Unit III.
Compressional wave velocity
Shipboard results
Velocity measurements made with the P-wave logger
(PWL) on whole-round sections and discrete mea-
surements from split cores follow similar trends of
increasing velocity with increasing depth as a result
of increased compaction (Fig. F23). Discrete velocity
measurements along the x-axis (contact probe) fol-
low the trend of the PWL results in Hole U1336A
(Fig. F23; Table T20) but exceed the PWL velocities
on average by 20 m/s. An offset of 40 m/s is present
in the first 25 m of the section in Hole U1336A. The
cores in this interval appeared dry and fractured,
which may account for the disparity. The x-axis ve-
locities determined in Hole U1336B average 50 m/s
higher than those over the comparable interval in
Hole U1336A. Differences in the pressure applied in
making contact between the sediment and transduc-
ers may account for this difference. Velocity mea-Proc. IODP | Volume 320/321surements in the y- and z-axis directions (insertion
probe) generally exceed the PWL velocity by 10 m/s.
Differences between the whole-core and split-core
measurements possibly reflect the presence of water
in the space between the core liner and sediment in
the whole cores, sediment fracturing as the y- and z-
axis transducers penetrate the split core, and slight
compaction of the sediment in the contact probe
technique. No y- or z-axis velocity measurements
were made below ~150 m CSF, as the XCB-cored sed-
iment was hard and fractured easily with insertion of
the transducers.
Velocities are between 1480 and 1500 m/s in litho-
logic Unit I and between 1480 and 1530 m/s in Unit
II. At ~176 m CSF, velocities begin to increase rapidly
into Unit III, from 1530 to ~1960 m/s at 208 m CSF.
The remainder of Unit III shows high frequency and
high amplitude variation, averaging 1910 m/s in this
lithified and highly biscuited interval.
Postcruise correction
The x-direction velocities for Hole U1336A were de-
termined using a liner thickness of 3.2 mm, the cor-
rection that was initially applied at Site U1334 (see
“Physical properties” in the “Site U1334” chapter).
This correction was not applied to velocities deter-
mined for Hole U1336B. These velocities were deter-
mined using a core liner thickness of 2.7 mm for the
liner correction. During the analysis of Hole U1337A
cores, it was determined that high x-direction veloci-
ties do not result from thicker than expected core
liner but instead are the result of using an incorrect
value for the system delay associated with the con-
tact probe (see “Physical properties” in the “Site
U1337” chapter). Critical parameters used in this
correction are system delay = 19.811 µs, liner thick-
ness = 2.7 mm, and liner delay = 1.26 µs. During the
analysis of Hole U1337A cores, it also was deter-
mined that consistently low PWL velocities required
the addition of a constant value that would produce
a reasonable velocity of water (~1495 m/s) for the
quality assurance/quality control liner (see “Physi-
cal properties” in the “Site U1337” chapter). These
corrections have not been applied to the velocity
data presented in this chapter.
Natural gamma radiation
NGR was measured in both holes at Site U1336 (Fig.
F20). The highest counts per second are present at
the seafloor (~56 cps). The NGR signal rapidly de-
creases with depth in lithologic Unit I, with small
variations centered at 5 cps. At the boundary be-
tween Units I and II, NGR values decrease to ~2 cps.
NGR is uniform at ~2 cps through Units II and III.16
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Thermal conductivity was measured on the third sec-
tion of each core from Hole U1336A and the fourth
section of each core from Hole U1336B (Table T21).
Thermal conductivity increases slightly with depth
at the site (Fig. F24) and is inversely related to poros-
ity (Fig. F25). Lower conductivity occurs with higher
porosity as increased interstitial spacing attenuates
the applied current from the probe. Overall, thermal
conductivity decreases from 1.2 to 1 W/(m·K)
through lithologic Unit I, with a minimum conduc-
tivity of 0.91 W/(m·K) at 31 m CSF. Through Units II
and III, thermal conductivity increases from 1 to
1.4 W/(m·K), whereas porosity decreases over a simi-
larly gradual trend of 75% to 50% (Fig. F21A). Below
183 m CSF, thermal conductivity decreases in XCB-
cored sediment, possibly as a result of increased frac-
tures and occurrence of sediment biscuits. Thermal
conductivity values were not recorded deeper than
189 m CSF because the sediment was too hard to in-
sert the probe.
Reflectance spectroscopy
Spectral reflectance was measured on the archive-
half sections from Holes U1336A and U1336B using
the SHMSL (Fig. F26). Variations in luminance (L*)
correspond to pronounced lithologic changes. In
lithologic Unit I, L* values are lowest (50–80) and
display high-amplitude variations, reflecting
changes in minor lithologic components. Values in
Unit II are higher and more uniform, reflecting the
relatively pure nannofossil ooze of this unit. Lumi-
nance values are slightly lower and more variable in
Unit III. Variations in a* (blue–yellow) and b* (green–
red) also reflect changes in lithology, with higher
and more variable values in Unit I compared to Unit
II. Both a* and b* exhibit a steplike decrease at 92 m
CSF that is associated with a sharp change in the




STMSL data were collected at 5 cm intervals from
Hole U1336B and compared to WRMSL data ob-
tained at 2.5 cm resolution from Hole U1336A
during Expedition 320. In this way, drilling was
monitored in Hole U1336B in real time to maximize
the opportunity for the recovery and construction of
a stratigraphically complete composite section.Proc. IODP | Volume 320/321Cores from Hole U1336B were also measured on the
WRMSL during Expedition 320 and left onboard as
whole-round sections to be split and described dur-
ing Expedition 321. After the cores were split and
described a composite section was constructed.
Magnetic susceptibility and GRA density proved
most useful for correlating between holes at Site
U1336 (Figs. F27, F28). Features in the magnetic sus-
ceptibility and GRA density are well aligned between
Holes U1336A and U1336B to ~94 m CCSF-A. The
correlation between the two holes is presented in
Figures F27 and F28. Offsets and composite depths
are listed in Table T22. Below ~94 m CCSF-A, the
magnetic susceptibility signal drops to very low val-
ues but density data are good enough to sustain a
correlation to interval 320-U1334B-14H-4, 122 cm.
At this point (138.50 m CCSF-A) sediments recov-
ered in both holes are disturbed. Core 320-U1336B-
15H was appended to the bottom of the splice (Table
T23). Near the bottom of Core 320-U1336B-18H the
splice shifts to Core 320-U1336A-18H and continues
to the base of the hole by appending Hole U1336A
cores (Table T23). A preferred splice would have been
to append Core 321-U1336A-15H just above the
disturbed section at the base of Core 321-U1336B-
14H. However, this was not allowed by Correlator
software. The critical interval from Cores 320-
U1336B-14H through 320-U1336A-18H is illustrated
in Figure F29.
A growth factor of 1.13 is calculated by linear regres-
sion for the top ~94 m CCSF-A of Site U1336, indi-
cating a 13% increase in CCSF-A relative to CSF
depth (Fig. F30). We used this value to calculate
CCSF-B depth presented in Table T22 to aid in the
calculation of sedimentation and mass accumulation
rates.
Sedimentation rates
All principal biostratigraphic datums and a set of 33
tentatively interpreted paleomagnetic reversals (re-
stricted to the APC-cored sections) (Table T24; see
also “Biostratigraphy” and “Paleomagnetism”)
were used in establishing age control (Fig. F11).
Paleomagnetic reversals were used to calculate the
average LSRs for the upper 74 m CCSF-B of the sec-
tion at Site U1336, as depicted in Figure F11. Below
74 m CCSF-B, only biostratigraphic datums were
used to calculate the average LSRs.
The LSR at Site U1336 decreases from 15 m/m.y. in
the upper Oligocene to 12 m/m.y. in the lower
Miocene and stays relatively constant at 9 m/m.y. in
the remainder of the section (Fig. F11).17
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Expedition 320/321 Scientists Site U1336Figure F1. A. ETOPO1 (Amante and Eakins, 2008) bathymetric overview map of Site U1336 and PEAT drilling
locations with previous ODP and DSDP sites. F.Z. = fracture zone. B. Swath bathymetry from AMAT-03 site
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Expedition 320/321 Scientists Site U1336Figure F4. Lithostratigraphy summary, Site U1336. L*, b* = lightness reflectance value of sediment as defined
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Expedition 320/321 Scientists Site U1336Figure F5. Light–dark sediment alternations of Miocene age including the two diatom-rich intervals. Pie charts
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Expedition 320/321 Scientists Site U1336Figure F6. Smear slide photomicrographs of diatom-rich layers and adjacent lithologies. Left image = plane-
polarized light, right image = cross-polarized light. A. Diatom nannofossil ooze (Sample 320-U1336A-5H-2, 34 cm).
B. Nannofossil ooze with foraminifers (Sample 320-U1336A-5H-2, 90 cm). C. Nannofossil ooze with radiolar-
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Expedition 320/321 Scientists Site U1336Figure F7. Color reflectance and magnetic susceptibility, Hole U1336A. Line scan images from Cores 320-
U1336A-8H through 11H highlight observed color changes. L*, a*, b* = lightness reflectance value of sediment
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Section 320-U1336A-10H-6Proc. IODP | Volume 320/321 27
Expedition 320/321 Scientists Site U1336Figure F9. Thin section photomicrographs of foraminifer-bearing cherts, Site U1336. Left image = plane-polarized
light, right image = cross-polarized light. A. Sample 320-U1336A-33X-1, 2–3 cm. B. Sample 320-U1336A-35X-1,
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Expedition 320/321 Scientists Site U1336Figure F12. Magnetic susceptibility and paleomagnetic summary, Hole U1336A, 0–100 m CSF. Gray lines =
measurements before demagnetization, red lines = measurements after 20 mT alternating-field demagnetiza-
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Expedition 320/321 Scientists Site U1336Figure F13. Magnetic susceptibility and paleomagnetic summary, Hole U1336A, 100–200 m CSF. Gray lines =
measurements before demagnetization, red lines = measurements after 20 mT alternating-field demagnetiza-
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Expedition 320/321 Scientists Site U1336Figure F14. Magnetic susceptibility and paleomagnetic summary, Hole U1336B, 0–100 m CSF. Gray lines =
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Expedition 320/321 Scientists Site U1336Figure F15. Magnetic susceptibility and paleomagnetic summary, Hole U1336B, 100–180 m CSF. Gray lines =
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Expedition 320/321 Scientists Site U1336Figure F16. Declination of natural remanent magnetization after 20 mT alternating-field demagnetization. Red
= cores. Note that in this interpretation polarity zones corresponding to Chrons C5ADn and C5ACn are con-
catenated into a single polarity zone, with Chron C5ACr not recorded. CCSF-A depths for holes were deter-
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Expedition 320/321 Scientists Site U1336Figure F17. Alternating-field (AF) demagnetization results representative of Site U1336 discrete samples. Left
plot = vector endpoints of paleomagnetic directions on vector demagnetization diagrams or modified Zijder-
veld plots (open squares = inclinations [Inc], solid squares = declinations [Dec]), top right plot = intensity vari-
ation with progressive demagnetization, bottom right plot = directions plotted on an equal-area stereonet. Data
in A and B illustrate removal of a drilling overprint by ~10 mT, with remaining magnetization providing a rel-
atively well-resolved characteristic remanent magnetization. C shows a sample from base of the hole, illustrat-
ing that a steep drilling overprint is dominant and a stable ChRM is not isolated during AF demagnetization.
Maximum angular deviation (MAD) values provide an estimate quality of principal component analysis (PCA),
where values <10 indicate good agreement between PCA vector and paleomagnetic data. See Table T14. A. Hole
U1336A (2.35 m CSF). B. Hole U1336A (10.35 m CSF). C. Hole U1336A (172.85 m CSF).
W, S
N, Up



















Hole U1336A, 2.35 m CSF
W, S




















Hole U1336A, 10.35 m CSF
W, S
N, Up
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Expedition 320/321 Scientists Site U1336Figure F20. Whole-round measurements, Holes U1336A (black) and U1336B (red). Data for Hole U1336B are
plotted using offsets of 0.5 g/cm3 for bulk density, 30 × 10–5 SI for magnetic susceptibility, 100 m/s for P-wave
velocity, and 10 cps for natural gamma radiation.
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Expedition 320/321 Scientists Site U1336Figure F21. MAD measurements, Holes U1336A (black) and U1336B (red). A. Porosity (solid circles) and water
content (open circles). B. Discrete-sample wet bulk density (solid circles) and gamma ray attenuation (GRA)
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Expedition 320/321 Scientists Site U1336Figure F22. (A) Wet and (B) dry bulk density from MAD analysis of discrete samples from Holes U1336A (black)
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Expedition 320/321 Scientists Site U1336Figure F23. Compressional wave velocity from the PWL (gray lines) and discrete velocity measurements on
split core using the contact probe for x-axis measurements and insertion probes for y- and z-axis measurements.
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Expedition 320/321 Scientists Site U1336Figure F26. Reflectance spectrophotometry, Holes U1336A (black) and U1336B (red). Data for Hole U1336B are
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Expedition 320/321 Scientists Site U1336Figure F27. Magnetic susceptibility data, Holes U1336A (red) and U1336B (blue). Data are offset by a constant
10 SI units. Upper panels are the Site U1338 splices for the intervals. A. 0–50 m CCSF-A. (Continued on next
three pages.)
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Expedition 320/321 Scientists Site U1336Figure F27 (continued). B. 50–100 m CCSF-A. (Continued on next page.)
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Expedition 320/321 Scientists Site U1336Figure F27 (continued). C. 100–150 m CCSF-A. (Continued on next page.)
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Expedition 320/321 Scientists Site U1336Figure F27 (continued). D. 150–200 m CCSF-A.
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Expedition 320/321 Scientists Site U1336Figure F28. Gamma ray attenuation density data, Holes U1336A (red) and U1336B (blue). Data are offset by a
constant 0.5 g/cm3. Upper panels are the Site U1338 splices for the intervals. A. 0–50 m CCSF-A. (Continued
on next three pages.)
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Expedition 320/321 Scientists Site U1336Figure F28 (continued). B. 50–100 m CCSF-A. (Continued on next page.)
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Expedition 320/321 Scientists Site U1336Figure F28 (continued). C. 100–150 m CCSF-A. (Continued on next page.)
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Expedition 320/321 Scientists Site U1336Figure F28 (continued). D. 150–200 m CCSF-A.
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sturbed intervals, green lines = floating
321-U1336B-14H. The most continuous
-15H through 18H (blue arrow). Splice
d 320-U1336B-15H can be correlated to
19A
158 162
186 188 190Figure F29. Core images, Holes U1336A and U1336B. Yellow line = top of deepest splice, black bars = di
ties or correlations (see text). Uninterrupted composite section ends at the top of disturbed section in Core 
splice appends Core 321-U1336A-15H at this point. Splice continues by appending Cores 320-U1336B
moves to Core 320-U1336A-18H and stays within Hole U1336A to total depth. Cores 320-U1336A-15H an
one another, but neither can be tied to the rest of the section either above or below.
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Expedition 320/321 Scientists Site U1336Figure F30. Core depth below seafloor vs. core composite depth below seafloor for tops of cores, Site U1336.
Growth factor is slope of the regression line. On average, the core composite depth below seafloor of the spliced
section is 13% greater than the core depth below seafloor.
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Expedition 320/321 Scientists Site U1336Table T1. Coring summary, Site U1336. (See table notes.) (Continued on next page.) 
Site U1336




Time on hole (h): 60.3 (1545 h, 22 April–0400 h, 25 April 2009)
Seafloor (drill pipe measurement below rig floor, m DRF): 4296.9
Distance between rig floor and sea level: 11.6 m
Water depth (drill pipe measurement from sea level, mbsl): 4285.3
Total depth (drill pipe measurement from rig floor, m DRF): 4599.8
Total penetration (drilling depth below seafloor, m DSF): 302.9
Total length of cored section (m): 302.9
Total core recovered (m): 259.1
Core recovery (%): 86




Time on hole (h): 33.3 (0400 h, 25 April–1315 h, 26 April 2009)
Seafloor (drill pipe measurement below rig floor, m DRF): 4298.1
Distance between rig floor and sea level: 11.6 m
Water depth (drill pipe measurement from sea level, mbsl): 4286.5
Total depth (drill pipe measurement from rig floor, m DRF): 4472.0
Total penetration (drilling depth below seafloor, m DSF): 173.9
Total length of cored section (m): 173.9
Total core recovered (m): 179.59
Core recovery (%): 103





























1H 23 Apr 0200 0.0 8.0 8.0 0.00 8.24 8.24 103
2H 23 Apr 0255 8.0 17.5 9.5 8.00 17.73 9.73 102
3H 23 Apr 0355 17.5 27.0 9.5 17.50 27.52 10.02 105
4H 23 Apr 0455 27.0 36.5 9.5 27.00 36.25 9.25 97
5H 23 Apr 0550 36.5 46.0 9.5 36.50 46.46 9.96 105
6H 23 Apr 0645 46.0 55.5 9.5 46.00 55.19 9.19 97
7H 23 Apr 0750 55.5 65.0 9.5 55.50 65.61 10.11 106
8H 23 Apr 0850 65.0 74.5 9.5 65.00 74.43 9.43 99
9H 23 Apr 0940 74.5 84.0 9.5 74.50 84.63 10.13 107
10H 23 Apr 1040 84.0 93.5 9.5 84.00 93.83 9.83 103
11H 23 Apr 1135 93.5 103.0 9.5 93.50 103.53 10.03 106
12H 23 Apr 1235 103.0 112.5 9.5 103.00 112.48 9.48 100
13H 23 Apr 1330 112.5 122.0 9.5 112.50 122.63 10.13 107
14H 23 Apr 1440 122.0 123.5 1.5 122.00 123.55 1.55 103
15H 23 Apr 1605 123.5 133.0 9.5 123.50 133.43 9.93 105
16H 23 Apr 1705 133.0 142.0 9.0 133.00 142.04 9.04 100
17H 23 Apr 1910 142.0 151.5 9.5 142.00 151.89 9.89 104
18H 23 Apr 2005 151.5 161.0 9.5 151.50 161.58 10.08 106
19H 23 Apr 2125 161.0 170.5 9.5 161.00 170.65 9.65 102
20H 23 Apr 2225 170.5 180.0 9.5 170.50 180.18 9.68 102
21H 23 Apr 2325 180.0 184.8 4.8 180.00 184.83 4.83 101
22X 24 Apr 0340 184.8 194.4 9.6 184.80 192.77 7.97 83
23X 24 Apr 0535 194.4 202.4 8.0 194.40 202.20 7.80 98
24X 24 Apr 0725 202.4 212.0 9.6 202.40 209.67 7.27 76
25X 24 Apr 0835 212.0 221.6 9.6 212.00 216.96 4.96 52
26X 24 Apr 0955 221.6 231.2 9.6 221.60 231.00 9.40 98
27X 24 Apr 1100 231.2 240.8 9.6 231.20 237.83 6.63 69
28X 24 Apr 1235 240.8 250.4 9.6 240.80 243.83 3.03 32
29X 24 Apr 1355 250.4 260.0 9.6 250.40 254.57 4.17 43
30X 24 Apr 1505 260.0 269.6 9.6 260.00 264.50 4.43 47
31X 24 Apr 1630 269.6 279.2 9.6 269.60 274.61 5.01 52
32X 24 Apr 1800 279.2 288.8 9.6 279.20 283.34 4.14 43
33X 24 Apr 1950 288.8 293.8 5.0 288.80 291.29 2.49 50Proc. IODP | Volume 320/321 56
Expedition 320/321 Scientists Site U1336Notes: DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth below seafloor. H = APC core, X = XCB core.
Local time = UTC – 10 h.
Table T2. Lithologic unit boundaries, Site U1336. (See table notes.) 
Notes: Intervals/depths are given for basal boundary of each unit. * = unit extends through at least given interval and depth, but boundary was
not cored, † = end of Hole U1336B.
34X 24 Apr 2255 293.8 298.3 4.5 293.80 294.12 0.32 7
35X 25 Apr 0200 298.3 302.9 4.6 298.30 299.62 1.32 29
Cored totals: 302.9 259.12 86
Total interval cored: 302.9
320-U1336B-
1H 25 Apr 0610 0.0 1.8 1.8 0.00 1.73 1.73 96
2H 25 Apr 0710 1.8 11.3 9.5 1.80 11.88 10.08 106
3H 25 Apr 0815 11.3 20.8 9.5 11.30 21.16 9.86 104
4H 25 Apr 0910 20.8 30.3 9.5 20.80 30.57 9.77 103
5H 25 Apr 1010 30.3 39.8 9.5 30.30 40.30 10.00 105
6H 25 Apr 1110 39.8 49.3 9.5 39.80 49.90 10.10 106
7H 25 Apr 1205 49.3 58.8 9.5 49.30 58.68 9.38 99
8H 25 Apr 1300 58.8 68.3 9.5 58.80 68.50 9.70 102
9H 25 Apr 1355 68.3 77.8 9.5 68.30 77.77 9.47 100
10H 25 Apr 1450 77.8 87.3 9.5 77.80 87.80 10.00 105
11H 25 Apr 1550 87.3 96.8 9.5 87.30 97.25 9.95 105
12H 25 Apr 1645 96.8 106.3 9.5 96.80 106.60 9.80 103
13H 25 Apr 1740 106.3 115.8 9.5 106.30 116.41 10.11 106
14H 25 Apr 1845 115.8 125.3 9.5 115.80 125.89 10.09 106
15H 25 Apr 1940 125.3 134.8 9.5 125.30 134.83 9.53 100
16H 25 Apr 2045 134.8 136.8 2.0 134.80 136.86 2.06 103
17H 25 Apr 2150 136.8 145.4 8.6 136.80 145.66 8.86 103
18H 25 Apr 2315 145.4 154.9 9.5 145.40 155.05 9.65 102
19H 26 Apr 0020 154.9 164.4 9.5 154.90 164.74 9.84 104
20H 26 Apr 0150 164.4 173.9 9.5 164.40 174.01 9.61 101
Cored totals: 173.9 179.59 103











I Nannofossil ooze with minor but varying 
amounts of clay, radiolarians, and 
foraminifers; two thin intervals of diatom 
nannofossil ooze.
8H-7, 5 73.05 9H-5, 84 75.14
II Nannofossil ooze, minor chert near base, 
vivid redox coloring from pale yellow to 
greenish gray, very low magnetic 
susceptibility values.
22H-4, 20 189.5 20H-7, 58 173.98†
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Expedition 320/321 Scientists Site U1336Table T3. Calcareous nannofossil datums, Site U1336. (See table note.) 
Note: T = top, Tc = top common, B = bottom, Bc = bottom common, X = abundance crossover.





Top Bottom Top Bottom Midpoint ±
320-U1336A- 320-U1336A-
— 1H-1, 110 T Coronocyclus nitescens 12.12 1.10 1.10
— 1H-1, 110 T Calcidiscus premacintyrei 12.45 1.10 1.10
2H-4, 80 2H-6, 80 Tc Cyclicargolithus floridanus 13.33 13.30 16.30 14.80 1.50
2H-CC 3H-2, 90 T Sphenolithus heteromorphus 13.53 17.68 19.90 18.79 1.11
4H-2, 90 4H-4, 90 Tc Discoaster deflandrei 15.66 29.40 32.40 30.90 1.50
5H-4, 64 5H-6, 35 B Discoaster petaliformis 15.70 41.64 44.35 43.00 1.36
7H-2, 50 7H-3, 52 Bc Sphenolithus heteromorphus 17.71 57.50 59.02 58.26 0.76
7H-2, 50 7H-3, 52 Tc Sphenolithus belemnos 17.95 57.50 59.02 58.26 0.76
7H-2, 50 7H-3, 52 T Triquetrorhabdulus carinatus 18.28 57.50 59.02 58.26 0.76
8H-CC 9H-1, 55 B Sphenolithus belemnos 19.03 74.38 75.05 74.72 0.34
13H-6, 60 13H-CC Tc Triquetrorhabdulus carinatus 22.09 120.60 122.58 121.59 0.99
15H-CC 16H-2, 90 B Sphenolithus disbelemnos 22.80 133.38 135.40 134.39 1.01
Oligocene/Miocene boundary
17H-2, 90 17H-4, 90 T Sphenolithus delphix 23.1 144.40 147.40 145.90 1.50
17H-6, 90 17H-CC B Sphenolithus delphix 23.2 150.40 151.84 151.12 0.72
20H-5, 100 20H-CC T Sphenolithus ciperoensis 24.4 177.50 180.13 178.82 1.32
20H-5, 100 20H-CC X T. longus/T. carinatus 24.7 177.50 180.13 178.82 1.32
19H-5, 70 19H-6, 70 Tc Cyclicargolithus abisectus 24.7 167.70 169.20 168.45 0.75
24X-1, 112 24X-3, 73 T Sphenolithus distentus 26.8 203.52 206.13 204.83 1.30
24X-3, 112 24X-5, 53 T Sphenolithus predistentus 26.9 206.13 208.93 207.53 1.40
24X-5, 53 24X-CC B Sphenolithus ciperoensis 27.1 208.93 209.62 209.28 0.34
29X-3, 40 29X-CC B Sphenolithus distentus 30.0 253.80 254.52 254.16 0.36
34X-CC 35X-1, 34 T Reticulofenestra umbilicus 32.0 294.07 298.64 296.36 2.29
321-U1336B- 321-U1336B-
1H-CC 2H-CC T Coronocyclus nitescens 12.12 1.68 11.88 6.78 5.10
1H-CC 2H-CC T Calcidiscus premacintyrei 12.45 1.68 11.88 6.78 5.10
2H-CC 3H-CC Tc Cyclicargolithus floridanus 13.33 11.63 21.16 16.40 4.77
2H-CC 3H-CC T Sphenolithus heteromorphus 13.53 11.63 21.16 16.40 4.77
4H-CC 5H-CC Tc Discoaster deflandrei 15.66 30.54 40.30 35.42 4.88
6H-CC 7H-CC Bc Sphenolithus heteromorphus 17.71 49.87 58.68 54.28 4.41
6H-CC 7H-CC T Sphenolithus belemnos 17.95 49.87 58.68 54.28 4.41
6H-CC 7H-CC T Triquetrorhabdulus carinatus 18.28 49.87 58.68 54.28 4.41
9H-CC 10H-CC B Sphenolithus belemnos 19.03 77.72 87.80 82.76 5.04
14H-1, 149 14H-2, 149 Tc Triquetrorhabdulus carinatus 22.09 117.29 118.79 118.04 0.75
15H-1, 10 15H-2, 10 B Sphenolithus disbelemnos 22.80 125.40 126.90 126.15 0.75
Oligocene/Miocene boundary
16H-CC 17H-1, 150 T Sphenolithus delphix 23.1 136.81 138.30 137.56 0.75
17H-3,149 17H-4, 148 B Sphenolithus delphix 23.2 141.29 142.78 142.04 0.75Proc. IODP | Volume 320/321 58
Expedition 320/321 Scientists Site U1336Table T4. Radiolarian datums, Site U1336. (See table notes.) 
Notes: B = bottom, T = top. — = not encountered.
Geologic 
age Zone Marker species
Age
(Ma)
Core, section, interval (cm) Depth CSF (m)




B D. petterssoni 12.11 1H-4, 104–106 1H-CC 5.54 8.19 6.87 1.33 
RN5
B C. japonica 12.41 1H-4, 104–106 1H-CC 5.54 8.19 6.87 1.33 
B L. neotera 12.95 1H-CC 2H-2, 105–107 8.19 10.55 9.37 1.18 
T C. robusta 13.348 2H-CC 3H-2, 105–107 17.68 20.05 18.87 1.19 
T S. armata 13.5 2H-CC 3H-2, 105–107 17.68 20.05 18.87 1.19 
T A. octopylus 13.88 3H-2, 105–107 3H-4, 105–107 20.05 23.05 21.55 1.50 
T C. costata 14.229 3H-4, 105–107 3H-CC 23.05 27.47 25.26 2.21 
T D. dentata 14.666 4H-2, 105–107 4H-4, 105–107 27.47 32.55 30.01 2.54 
T L. stauropora 14.826 4H-2, 105–107 4H-4, 105–107 27.47 32.55 30.01 2.54 
D. dentata > D. alata 14.78 4H-2, 105–107 4H-4, 105–107 27.47 32.55 30.01 2.54 
RN4
B D. alata 15.08 4H-CC 5H-2, 105–107 36.20 39.05 37.63 1.43 
B L. parkerae 15.03 4H-CC 5H-2, 105–107 36.20 39.05 37.63 1.43 
T C. cingulata 15.13 5H-4, 105–107 5H-CC 42.05 46.41 44.23 2.18 
T L. elongata 15.15 6H-2, 105–107 6H-4, 105–107 48.55 48.57 48.56 0.01 
B L. renzae 16.77 6H-2, 105–107 6H-4, 105–107 48.55 48.57 48.56 0.01 
early 
Miocene
B C. costata 17.49 6H-4, 105–107 6H-CC 48.57 55.14 51.86 3.29 
RN3
B D. dentata 17.72 6H-CC 7H-2, 104–106 55.14 58.04 56.59 1.45 
B L. stauropora 17.72 6H-CC 7H-2, 104–106 55.14 58.04 56.59 1.45 
T D. scambos 18.53 7H-4, 104–106 7H-CC 61.05 65.60 63.33 2.28 
B S. wolffii 18.57 8H-2, 105–107 8H-4, 105–107 67.55 70.55 69.05 1.50 
RN2
B D. forcipata 18.61 8H-2, 105–107 8H-4, 105–107 67.55 70.55 69.05 1.50 
T D. simplex 18.69 8H-CC 9H-2, 105–107 74.38 77.05 75.72 1.34 
T D. praeforcipata 19.77 9CC 10H-2, 105–107 84.60 86.56 85.58 0.98 
B D. simplex 20.34 10H-4, 105–107 10H-CC 89.55 93.78 91.67 2.12 
B S. delmontensis 20.68 11H-2, 105–107 11H-4, 105–107 96.05 99.05 97.55 1.50 
T L. pegetrum 20.89 11H-4, 105–107 11H-CC 99.05 103.48 101.27 2.22 
T T. annosa 21.38 12H-2, 105–107 12H-4, 105–107 105.55 108.55 107.05 1.50 
RN1
B C. virginis 21.39 11H-CC 12H-2, 105–107 103.48 105.55 104.52 1.04 
T E. mitodes 21.95 13H-4, 104–106 13H-CC 118.04 122.58 120.31 2.27 
B C. serrata 22.04 15H-2, 105–104 15H-4, 105–107 126.05 129.05 127.55 1.50 
B C. cornuta 22.26 15H-4, 105–107 15H-CC 129.05 133.38 131.22 2.16 
B C. tetrapera 22.35 15H-4, 105–107 15H-CC 129.05 133.38 131.22 2.16 
RP22
T A. gracilis 22.62 16H-2, 105–107 16H-4, 105–107 133.55 138.55 136.05 2.50 
B E. diaphanes 22.95 16H-CC 17H-2, 105–107 141.99 144.55 143.27 1.28 
T D. cyclacantha 22.98 16H-CC 17H-2, 105–107 141.99 144.55 143.27 1.28 
late 
Oligocene
B D. cyclacantha 23.29 17H-2, 105–107 17H-4, 105–107 144.55 147.55 146.05 1.50 
T D. papilio 23.31 17H-4, 105–107 17H-CC 147.55 151.84 149.70 2.15 
T L. longicornuta 24.12 18H-2, 105–107 18H-4, 105–107 154.04 157.05 155.55 1.51 
T L. apodora 24.50 — — 0.00 0.00 














is table is available in an oversized format.
e table notes.) 
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R R R FTable T5. Preservation and relative abundance of radiolarians, Hole U1336A. Th
Table T6. Preservation and relative abundance of radiolarians, Hole U1336B. (Se




















































































































































































































































































































































































































1H-CC RN6 C G F F F F C
2H-CC
RN5
C G F R R F
3H-CC C G F C R R
4H-CC C G R F C R R
5H-CC
RN4
C G F F F R R R R
6H-CC C G R F F R R F
7H-CC
RN3
C G R F R R R F R R
8H-CC C G R F R R R R R
9H-CC
RN2
C G F R R F R R R R
10H-CC C M F R R R R
11H-CC C M F R F R R
12H-CC C M F R R R R
13H-CC C M R F R F R
14H-CC RN1 C M R R R
15H-CC RP22 C M F R R
16H-CC RP22? R M R R
17H-CC
RP22
C M F R R
18H-CC C M F R
19H-CC C M R F R
20H-CC C M R R F R
Expedition 320/321 Scientists Site U1336Table T7. Distribution of diatoms, Site U1336. (See table notes.) 
























































































































































































1H-CC M F ? R R R F R
2H-CC P R R ? R ?
3H-CC P–M R R
4H-CC B
5H-CC P R R R
6H-CC P R ? ?













20H-CC BProc. IODP | Volume 320/321 61
Expedition 320/321 Scientists Site U1336Table T8. Planktonic foraminifer datums, Site U1336. (See table note.) 
Note: T = top, B = bottom, Tc = top common occurrence.





Top Bottom Top Bottom Midpoint ±
320-U1336A- 320-U1336A-
— 1H-3, 38–40 T Globorotalia (Fohsella) fohsi s.l. 11.79 0.00 3.38 1.69 1.69
1H-3, 38–40 1H-CC B Globorotalia (Fohsella) fohsi robusta 13.13 3.38 8.19 5.79 2.41
2H-CC 3H-2, 38–40 B Globorotalia (Fohsella) fohsi s.l. 13.41 17.68 19.38 18.53 0.85
3H-2, 38–40 3H-5, 38–40 B Globorotalia (Fohsella) “praefohsi” 13.77 19.38 23.88 21.63 2.25
3H-2, 38–40 3H-5, 38–40 T Clavatorella bermudezi 13.82 19.38 23.88 21.63 2.25
3H-5, 38–40 3H-CC T Globorotalia (Fohsella) peripheroronda 13.80 23.88 27.47 25.68 1.80
3H-CC 4H-3, 38–40 B Globorotalia (Fohsella) peripheroacuta 14.24 27.47 30.38 28.93 1.46
3H-5, 38–40 3H-CC B Orbulina spp. 14.74 23.88 27.47 25.68 1.80
3H-CC 4H-3, 38–40 B Clavatorella bermudezi 14.89 27.47 30.38 28.93 1.46
5H-CC 6H-2, 38–40 B Praeorbulina glomerosa 16.27 46.41 47.88 47.15 0.73
5H-CC 6H-2, 38–40 B Praeorbulina sicana 16.97 46.41 47.88 47.15 0.73
8H-2, 38–40 8H-4, 38-40 T Globoquadrina binaiensis 19.09 66.88 69.88 68.38 1.50
10H-CC 11H-2, 30–32 T Paragloborotalia kugleri 21.12 93.78 95.30 94.54 0.76
10H-CC 11H-2, 30–32 T Paragloborotalia pseudokugleri 21.31 93.78 95.30 94.54 0.76
15H-2, 38–40 15H-4, 38–40 B Globoquadrina dehiscens 22.44 125.38 128.38 126.88 1.50
Oligocene/Miocene boundary
16H-CC 17H-2, 38–40 B Paragloborotalia kugleri 23.0 141.99 143.88 142.94 0.94
19H-CC 20H-2, 38–40 B Paragloborotalia pseudokugleri 25.2 170.60 172.38 171.49 0.89
23X-CC 24X-2, 41–43 T Paragloborotalia opima 26.9 202.15 207.30 204.73 2.58
25X-2, 45–47 25X-CC Tc Chiloguembelina cubensis 28.0 213.95 216.91 215.43 1.48
27X-CC 28X-2, 20–22 B Globigerina angulisuturalis 29.2 237.38 242.50 239.94 2.56
29X-2, 24–26 29X-CC T Subbotina angiporoides 29.8 242.50 252.14 247.32 4.82
29X-CC 30X-2, 38–40 T Turborotalia ampliapertura 30.3 254.52 261.88 258.20 3.68
29X-CC 30X-2, 38–40 B Paragloborotalia opima 30.8 254.52 261.88 258.20 3.68
321-U1336B- 321-U1336B-
1H-CC 2H-CC B Globorotalia (Fohsella) fohsi robusta 13.13 1.73 11.85 6.79 5.06
2H-CC 3H-CC B Globorotalia (Fohsella) fohsi s.l. 13.41 11.88 21.13 16.51 4.63
2H-CC 3H-CC B Globorotalia (Fohsella) “praefohsi” 13.77 11.88 21.13 16.51 4.63
2H-CC 3H-CC T Clavatorella bermudezi 13.82 11.88 21.13 16.51 4.63
3H-CC 4H-CC B Globorotalia (Fohsella) peripheroacuta 14.24 21.16 30.54 25.85 4.69
3H-CC 4H-CC B Orbulina spp. 14.74 21.16 30.54 25.85 4.69
3H-CC 4H-CC B Clavatorella bermudezi 14.89 21.16 30.54 25.85 4.69
4H-CC 5H-CC B Praeorbulina glomerosa 16.27 30.57 40.27 35.42 4.85
5H-CC 6H-CC B Praeorbulina sicana 16.97 40.30 49.87 45.09 4.79
7H-CC 8H-CC T Catapsydrax dissimilis 17.54 58.68 68.45 63.57 4.89
8H-CC 9H-CC T Globoquadrina binaiensis 19.09 68.50 77.72 73.11 4.61
11H-CC 12H-CC T Paragloborotalia kugleri 21.12 97.25 106.54 101.90 4.65
13H-CC 14H-CC T Paragloborotalia pseudokugleri 21.31 116.41 125.84 121.13 4.72
14H-CC 15H-CC B Globoquadrina dehiscens 22.44 125.84 134.83 130.34 4.50
16H-1, 52–54 17H-3, 80–82 T Globigerina ciperoensis 22.90 134.83 140.60 137.72 2.88
Oligocene/Miocene boundary















nued on next page.)
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R D P P P P R
R A P F
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P A P P F
A P F
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A R P A
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D R PTable T9. Distribution of planktonic foraminifers, Hole U1336A. This table is available in a
Table T10. Distribution of planktonic foraminifers, Hole U1336B. (See table notes.) (Conti
































































































































































































































































































































































































































































































































































































































































































1H-CC M 42 N12 D F A R
2H-CC M 87 N12 D A R F P P R
3H-CC M 99 N10 R D A P R P P P R
4H-CC M 87 M5b D F P R R F R
5H-CC M 92 M5b R D R A R R R R
6H-CC P 24 M4 D R R A P R R R
7H-CC M 40 M4 R D R R A F P
8H-CC M 84 M2-M3 R D A R A R R
9H-CC M 96 M2-M3 R R R D R A A R R R P
10H-CC M 89 M2-M3 R A R A A
11H-CC M 95 M2-M3 F R F D A R P P P
12H-CC P 95 M1b R F A R A R R
13H-CC P 78 M1b R R A R A F F R P
14H-CC P 80 M1b A A A
15H-CC P 43 M1a R D P R F
16H-1, 52–54 P 32 M1a F R A F R
16H-CC P 24 M1b? A P R A F R P
17H-3, 80–82 VP 6 O6 P
17H-CC p 65 O6 A A A
18H-CC P 77 O6 R D R R
19H-CC P 78 O6 R D A F P



































































































































































































































































































































1H-CC M 42 N12
2H-CC M 87 N12
3H-CC M 99 N10
4H-CC M 87 M5b
5H-CC M 92 M5b
6H-CC P 24 M4
7H-CC M 40 M4
8H-CC M 84 M2-M3
9H-CC M 96 M2-M3
10H-CC M 89 M2-M3
11H-CC M 95 M2-M3
12H-CC P 95 M1b
13H-CC P 78 M1b P
14H-CC P 80 M1b P P
15H-CC P 43 M1a P P
16H-1, 52–54 P 32 M1a F P
16H-CC P 24 M1b? p R
17H-3, 80–82 VP 6 O6 P P P
17H-CC p 65 O6 P
18H-CC P 77 O6 F R
19H-CC P 78 O6 R













































































































































































































































































R R R R R
R R R R
R R R R
R F R
R R R F R
R R R R
R R F R
R F F R R F
F R R R
R F F
F R R R R
F R R R R
R R R R R
R R F
R A R R R
R R R R R
R R R R R R
F R R R
R F R
R R R R
R R R
F R R R
F R R A F R
F R F
R R R R R F R
F R F R
R R R
F R R R FTable T11. Distribution of benthic foraminifers, Hole U1336A. (See table notes.) (Continued on next page.) 































































































































































































































































































































































































































































































































































































































































































































1H-CC, 21–26 8.22 M R F R R
2H-CC, 15–20 17.71 G F F R R R
3H-CC, 24–29 27.50 G R R R R A R R R R F F
4H-CC, 17–22 36.23 G R R R R R
5H-CC, 21–26 46.44 G F R
6H-CC, 14–19 55.17 G R R R R F R A
7H-CC, 27–32 65.59 G R R R R R F R R F
8H-CC, 14–19 74.41 G R F R R R R R A
9H-CC, 21–26 84.61 G R R F R F
10H-CC, 20–25 93.81 G R F R R R R F F
11H-CC, 18–23 103.51 G R F F
12H-CC, 17–22 112.46 G F F F
13H-CC, 26–31 122.61 G R R F R R R
14H-CC, 0–5 123.53 G F R R F F R R F
15H-CC, 22–27 133.41 G R F F
16H-CC, 22–27 142.02 G R R R R R F R R A
17H-CC, 21–26 151.87 G R F R R R R R R A
18H-CC, 26–31 161.56 G R R R R A R R R F
19H-CC, 23–28 170.63 G R R F R R R R R A
20H-CC, 0–5 180.16 M R R R R R R A
21X-CC, 20–25 184.81 M F R R R R R R R
22X-CC, 13–18 192.75 M R R R R R R D
23X-CC, 25–30 202.18 M R A R R R R R A
24X-CC, 35–40 209.65 M R F R R A
25X-CC, 41–46 216.94 M R F F
26X-CC, 33–38 237.81 M R F A
27X-CC, 25–30 243.81 M R R R R R
28X-CC, 47–52 254.55 M R F R R
29X-CC, 48–53 264.41 M R F R R A R R R A
30X-CC, 55–60 264.48 M F D R R F
31X-CC, 33–38 274.59 M R R R R F R R R A
32X-CC, 38–43 283.32 P R F R R A F F F
33X-CC, 70–75 291.27 P R F R A R
34X-CC, 27–32 294.10 M P P P





















































































































































































































































































R F R F
R R
F R F
R F R R R R
F F F
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1H-CC, 21–26 8.22 M A R R R R F R R R R
2H-CC, 15–20 17.71 G R R R
3H-CC, 24–29 27.50 G F R R R R R R R R R
4H-CC, 17–22 36.23 G R F R R R R
5H-CC, 21–26 46.44 G R F R R
6H-CC, 14–19 55.17 G R A R R R R R R R R R
7H-CC, 27–32 65.59 G R A F R R F R R R R
8H-CC, 14–19 74.41 G R R A R A R R R R R
9H-CC, 21–26 84.61 G R A R R R R R R
10H-CC, 20–25 93.81 G R F R R R F R A
11H-CC, 18–23 103.51 G R R R A F R R F R R F
12H-CC, 17–22 112.46 G F R R R R R R R
13H-CC, 26–31 122.61 G R R F R R
14H-CC, 0–5 123.53 G R F F R R R R R R
15H-CC, 22–27 133.41 G F F R R F F F
16H-CC, 22–27 142.02 G R R F R R R R R R R
17H-CC, 21–26 151.87 G R F R F F R R R
18H-CC, 26–31 161.56 G F A R R R R R R
19H-CC, 23–28 170.63 G R F R R F R R R R
20H-CC, 0–5 180.16 M R R F R R F R R R R
21X-CC, 20–25 184.81 M R R F R R R F
22X-CC, 13–18 192.75 M R A R R R R R
23X-CC, 25–30 202.18 M F F R R R
24X-CC, 35–40 209.65 M R A R R
25X-CC, 41–46 216.94 M R A R R
26X-CC, 33–38 237.81 M F R R R R
27X-CC, 25–30 243.81 M R R R R R R
28X-CC, 47–52 254.55 M R A F R R
29X-CC, 48–53 264.41 M R R R R F R R
30X-CC, 55–60 264.48 M R A R R
31X-CC, 33–38 274.59 M R A R R R R R R R
32X-CC, 38–43 283.32 P R A R R R
33X-CC, 70–75 291.27 P A R
34X-CC, 27–32 294.10 M P P P














s.) (Continued on next page.) 




















































































































































































































































































































































































































































R F A R F
R F R F R R R F R
F R F R R R
R R F R R F R F R R
F R F R F A R R
R A F F R R
R R A R R F F R R
F F A F R R F
R R A R F
R R A R R R
F A R F F
R R A R
R R F F F F R
R F A R F R F R R R
F R R F F R R
F F F F
R R F F F F R F R  
F A F R F R F F
R F R R R R
A R F R R F RTable T12. Distribution of benthic foraminifers, Hole U1336B. (See table note








































































































































































































































































































































































































1H-CC 1.68 M 1/99 F R A R
2H-CC 11.85 M 1/99 R R F R R A R R F F
3H-CC 21.13 M 1/99 R R R R A R
4H-CC 30.54 M 1/99 R R F F R R R R
5H-CC 40.27 M 1/99 R F F F R R R
6H-CC 49.87 P 25/75 R R R F R F F R
7H-CC 58.63 M 2/98 R R F F F R R F F
8H-CC 68.45 M 2/98 R R F F R R
9H-CC 77.72 M 1/99 R R F R A R R F
10H-CC 87.75 M 2/98 A A R F F
11H-CC 97.20 M 1/99 R R R
12H-CC 106.54 M 1/99 R A R R
13H-CC 116.36 M 1/99 F F F F F
14H-CC 125.84 M 2/98 F F F R F F
15H-CC 134.78 M 1/99 R F A R F
16H-CC 136.81 M 1/99 R F F A F F F R F R
17H-CC 145.61 M 6/94 R R F F R R
18H-CC 155.00 M 5/95 F R F R R R F R R F F
19H-CC 164.69 M 7/93 R R R R F F F F F R F










































































































































































































































































































































































































R R R F F
F F R R F F R F F
R R R F F
R F R R R F F
R F R R A F F R F
F A
R F F F R F
F F R R R R F
R F F F
R R F
R F F F
R R R
R R F R R F
R F F F F
R  F F
R R R R R
R R F F F F
R R A F F
F R F R F















































































































































































































































1H-CC 1.68 M 1/99 R R R R R
2H-CC 11.85 M 1/99 F R
3H-CC 21.13 M 1/99 R R R
4H-CC 30.54 M 1/99 R R R R R
5H-CC 40.27 M 1/99 F R
6H-CC 49.87 P 25/75 F R
7H-CC 58.63 M 2/98 A F R
8H-CC 68.45 M 2/98 F R F
9H-CC 77.72 M 1/99 F R
10H-CC 87.75 M 2/98 R R
11H-CC 97.20 M 1/99 R
12H-CC 106.54 M 1/99 A
13H-CC 116.36 M 1/99 A R R R
14H-CC 125.84 M 2/98 F F
15H-CC 134.78 M 1/99 F F R F F
16H-CC 136.81 M 1/99 A F R
17H-CC 145.61 M 6/94 A F R R
18H-CC 155.00 M 5/95 F R F R R R
19H-CC 164.69 M 7/93 A F
20H-CC 173.98 M 10/90 A F
Expedition 320/321 Scientists Site U1336Table T13. Coring-disturbed intervals and gaps, Site U1336. (See table notes.) 
Notes: When interval listed is 0–150 cm, entire section is included even if true section length is <150 cm. Top of core = myriad forms of voids,








2H-1, 0–76 Top of core
3H-1, 0–127 Top of core
4H-1, 0–142 Top of core
5H-1, 0–12 Top of core
6H-1, 0–34 Top of core
10H-1, 0–64 Top of core
11H-1, 0–6 Top of core
12H-1, 0–84 Top of core
12H-7, 8–70 Distorted liner
13H-1, 0–111 Top of core
14H-1, 0–150 Slurry
15H-1, 0–30 Top of core
16H-1, 0–82 Top of core
16H-3, 100–150 Slight
16H-4, 94–150 Drilling biscuits
16H-5, 0–5 Drilling biscuits
16H-5, 5–150 Flow-in
16H-6, 0–127 Flow-in
17H-1, 0–12 Top of core
19H-1, 0–25 Top of core
21H-1, 0–42 Top of core
22X-35X, all sections Drilling biscuits
320-U1336B-
2H-1, 0–60 Top of core
2H-1, 85–87 Void
4H-1, 0–25 Top of core
5H-1, 0–5 Top of core
6H-1, 0–50 Top of core
7H-1, 0–55 Top of core
8H-1, 0–60 Top of core
9H-1, 0–130 Top of core
10H-1, 0–10 Top of core
11H-1, 0–20 Top of core
12H-1, 0–20 Top of core
13H-1, 0–10 Top of core





15H-1, 0–30 Top of core
16H-1, 0–15 Top of core
16H-2, 0–150 Disturbed
17H-1, 0–15 Top of core
18H-1, 0–20 Top of core
19H-1, 0–10 Top of core
20H-1, 0–10 Top of core
20H-7, 20–end Deformed linerProc. IODP | Volume 320/321 69
Expedition 320/321 Scientists Site U1336Table T14. Principal component analysis results, Hole U1336A. (See table notes.) 
Notes: PCA = principal component analysis, MAD = maximum angular deviation, NRM = natural remanent magnetization after 20 mT demagne-


















coordinates   
0°–360°
320-U1336A-
1H-2, 85 2.35 319.2 325.7 5.9 3.5 10–35 6.58E–04
2H-2, 85 10.35 200.7 164.8 –5.2 15.9 20–50 6.99E–04
3H-2, 85 19.85 301.7 13.0 24.2 10.3 5–25 6.05E–04
4H-2, 85 29.35 NA NA NA NA 9.41E–05
5H-2, 85 38.85 312.1 168.1 3.8 33.5 5–60 3.77E–04
6H-2, 85 48.35 117.3 7.3 4.8 5.5 10–30 1.03E–03
7H-2, 85 57.85 11.1 156.1 –1.6 5.8 20–50 1.79E–03
8H-2, 85 67.35 316.3 355.3 21.0 17.3 25–60 6.78E–04
9H-2, 85 76.85 108.6 312.6 17.8 41.2 10–60 4.69E–04
10H-2, 85 86.35 NA NA NA NA 2.20E–04
11H-2, 85 95.85 NA NA NA NA 6.62E–05
12H-2, 85 105.35 NA NA NA NA 9.97E–05
13H-2, 85 114.85 NA NA NA NA 1.59E–04
15H-2, 85 125.85 176.1 8.1 19.2 11.1 5–25 7.47E–05
16H-2, 85 135.35 NA NA NA NA 1.00E–04
17H-2, 85 144.35 NA NA NA NA 2.44E–04
18H-2, 85 153.85 NA NA NA NA 1.82E–04
19H-2, 85 163.35 18.4 94.4 –37.8 24.1 5–30 2.39E–04
20H-2, 85 172.85 NA NA NA NA 2.23E–04
21H-2, 85 182.35 203.9 348.9 59.9 11.8 5–25 2.29E–04Proc. IODP | Volume 320/321 70


















C5r.3r/C5An.1n 12.014 1H-1, 52 0.50 0.76 1H-1, 82 0.83 0.83
C5An.1n/C5An.1r 12.116 1H-1, 145 1.43 1.69
C5An.1r/C5An.2n 12.207 1H-2, 67 2.14 2.40
C5An.2n/C5Ar.1r 12.415 1H-4, 70 5.20 5.46 2H-3, 25 5.05 5.58
C5Ar.1r/C5Ar.1n 12.730 2H-5, 105 8.85 9.38
C5Ar.1n/C5Ar.2r 12.765 2H-5, 142 9.22 9.75
C5Ar.2r/C5Ar.2n 12.820 2H-1, 102 9.02 10.53 2H-6, 68 9.97 10.50
C5Ar.2n/C5Ar.3r 12.878 2H-1, 132 9.34 10.85 2H-6, 115 10.47 11.00
C5Ar.3r/C5AAn 13.015 2H-2, 140 10.89 12.40
C5AAn/C5AAr 13.183 2H-3, 137 12.37 13.88 3H-1, 115 11.44 14.00
C5AAr/C5ABn 13.369 2H-5, 15 14.15 15.66 3H-2, 35 13.14 15.70
C5ABn/C5ABr 13.605 3H-4, 107 16.88 19.44
C5ABr/C5ACn 13.734 3H-2, 35 19.35 21.18 3H-5, 140 18.69 21.25
C5ADn/C5ADr 14.581 4H-5, 5 26.82 31.00
C5ADr/C5Bn.1n 14.784 4H-2, 75 29.25 32.05 4H-5, 135 28.12 32.30
C5Bn.1n/C5Bn.1r 14.877 4H-3, 20 30.15 32.95 4H-6, 52 28.82 33.00
C5Bn.1r/C5Bn.2n 15.032 4H-4, 42 31.95 34.75
C5Bn.2n/C5Br 15.160 4H-5, 55 33.55 36.35 5H-1, 50 30.80 36.38
C5Br/C5Cn.1n 15.974 5H-6, 102 45.02 48.30 6H-1, 105 40.85 48.38
C5Cn.1n/C5Cn.1r 16.268 6H-4, 20 44.47 52.00
C5Cn.1r/C5Cn.2n 16.303 6H-1, 35 46.36 53.00 6H-4, 127 45.57 53.10
C5Cn.2n/C5Cn.2r 16.472 6H-1, 100 47.01 53.65 6H-5, 35 46.15 53.68
C5Cn.2r/C5Cn.3n 16.543 6H-2, 30 47.80 54.44 6H-5, 107 46.87 54.40
C5Cn.3n/C5Cr 16.721 6H-2, 110 48.61 55.25 6H-6, 37 47.67 55.20
C5Cr/C5Dn 17.235 6H-5, 82 52.82 59.46 7H-1, 150 50.81 59.50
C5Dn/C5Dr 17.533 7H-3, 137 53.68 62.37
C5Dr/C5Dr-1n 17.717 7H-5, 50 55.81 64.50
C5Dr-1n/C5Dr 17.740 7H-2, 5 57.06 65.10 7H-5, 102 56.31 65.00
C5Dr/C5En 18.056 7H-3, 105 59.56 67.60
C5En/C5Er 18.524 7H-6, 140 64.40 72.44 8H-4, 42 63.72 72.60














ples, Hole U1336B. (See table notes.) 
1 µM, Fe2+ = 0.6 µM, B = 4 µM, Sr2+ = 0.8 µM, Ba2+ = 0.5 µM, Li+ = 1.8 µM) calculated as three times the
erent techniques during Expeditions 320 and 321 disagree significantly, especially for low values. There-























65 329 BDL BDL 10.1 50.0 422.5 83.7 BDL 23.88 ND
77 325 BDL BDL 10.6 49.0 439.5 93.8 BDL 23.22 ND
91 426 BDL BDL 11.6 49.9 455.0 109.5 BDL 23.16 ND
43 514 BDL BDL 11.7 48.1 461.2 115.6 BDL 22.93 11.4
44 471 0.18 BDL 12.7 46.7 454.9 121.9 BDL 21.54 10.7
39 564 1.11 BDL 13.7 48.1 452.1 134.6 BDL 22.33 11.9
42 488 2.91 BDL 13.8 45.9 433.4 142.9 0.51 21.29 10.3
43 541 4.66 BDL 14.4 46.7 446.8 145.8 BDL 20.18 10.8
42 536 5.53 BDL 14.5 44.9 438.2 154.5 BDL 19.81 10.4
40 594 5.38 BDL 15.8 47.6 436.8 157.6 BDL 19.40 11.2
25 574 6.23 BDL 15.8 45.6 423.5 165.3 BDL 18.88 10.5
29 607 6.29 BDL 16.0 43.5 430.5 176.9 BDL 17.50 9.9
32 633 5.82 BDL 16.9 43.7 419.6 186.1 BDL 16.98 9.8
29 673 4.37 BDL 18.5 45.1 418.0 201.0 BDL 16.46 10.1
27 687 3.17 BDL 18.3 41.8 406.5 211.4 BDL 16.54 9.3
30 724 2.74 4.36 19.4 43.3 427.9 220.5 BDL 15.49 10.0
35 730 2.34 8.60 19.5 41.1 430.2 231.1 BDL 14.29 9.4
DL 695 2.12 9.92 20.1 40.8 417.0 236.5 BDL 14.06 9.3
DL 671 1.61 18.43 26.4 32.5 404.8 342.2 BDL 8.91 8.6
DL 818 1.75 14.88 28.4 29.8 402.8 390.2 BDL 7.88 8.2
DL 853 1.77 11.74 28.7 29.2 404.5 404.2 BDL 8.13 8.2
DL 800 1.76 17.08 28.9 28.4 396.7 417.8 BDL 8.84 7.9Table T16. Interstitial water data from squeezed whole-round sam
Notes: ND = not determined. BDL = below detection limit (HPO4– = 0.2 µM, Mn2+ = 0.
standard deviation of multiple measures of a blank. H4SiO4 values measured by diff
















2H-2, 145–150 4.75 7.71 2.39 556 ND 26.2 1.
2H-5, 145–150 9.25 7.96 2.71 557 ND 25.9 4.
3H-2, 145–150 14.25 7.73 2.66 561 ND 26.9 0.
3H-5, 145–150 18.75 7.75 2.69 559 488 26.0 0.
4H-2, 145–150 23.75 7.78 2.72 563 492 25.4 0.
4H-5, 145–150 28.25 7.74 2.84 566 491 26.8 0.
5H-2, 145–150 33.25 7.76 2.79 568 496 25.1 0.
5H-5, 145–150 37.75 7.69 2.82 570 496 25.7 0.
6H-2, 145–150 42.75 7.62 2.75 567 495 24.9 0.
6H-5, 145–150 47.25 7.61 2.60 567 491 27.3 0.
7H-3, 145–150 53.75 7.70 2.70 567 492 25.5 0.
8H-3, 140–150 63.20 7.76 2.63 565 493 24.6 0.
9H-3, 140–150 72.70 7.45 2.63 565 490 24.7 0.
10H-4, 140–150 83.70 7.59 2.67 566 488 26.0 0.
11H-4, 140–150 93.20 7.61 2.73 567 493 24.0 0.
12H-4, 140–150 102.70 7.59 2.30 568 490 25.0 0.
13H-4, 140–150 112.20 7.78 2.66 567 492 24.0 0.
14H-4, 140–150 121.70 7.45 2.29 568 492 24.1 B
15H-4, 140–150 131.20 7.44 1.73 566 494 23.9 B
18H-4, 140–150 151.30 7.08 1.34 569 497 23.1 B
19H-3, 140–150 159.30 7.52 1.24 571 499 22.7 B
20H-3, 140–150 168.80 7.24 1.01 569 498 22.2 B
Expedition 320/321 Scientists Site U1336Table T17. Carbon concentrations, Site U1336. (See table notes.) (Continued on next page.) Core, section,
interval (cm)
Depth (m) Carbon (wt%)
CSF CCSF-A CaCO3 IC TC TOC
320-U1336A-
1H-1, 65–66 0.65 0.91 76.5 9.2 ND ND
1H-2, 65–66 2.15 2.41 78.7 9.4 ND ND
1H-3, 65–66 3.65 3.91 92.2 11.1 ND ND
1H-4, 65–66 5.15 5.41 89.9 10.8 ND ND
1H-5, 65–66 6.65 6.91 89.8 10.8 ND ND
1H-6, 25–26 7.75 8.01 84.0 10.1 ND ND
2H-1, 65–65 8.65 10.16 80.6 9.7 ND ND
2H-2, 65–66 10.15 11.66 86.9 10.4 ND ND
2H-3, 65–66 11.65 13.16 78.4 9.4 ND ND
2H-4, 65–66 13.15 14.66 83.8 10.1 ND ND
2H-5, 65–66 14.65 16.16 87.5 10.5 ND ND
2H-6, 65–66 16.15 17.66 87.6 10.5 ND ND
2H-7, 25–26 17.25 18.76 88.0 10.6 ND ND
3H-2, 65–66 19.65 21.48 81.3 9.8 ND ND
3H-3, 65–66 21.15 22.98 92.0 11.0 ND ND
3H-4, 65–66 22.65 24.48 67.7 8.1 ND ND
3H-5, 65–66 24.15 25.98 83.6 10.0 ND ND
3H-6, 65–66 25.65 27.48 75.4 9.1 ND ND
3H-7, 45–46 26.95 28.78 82.0 9.8 ND ND
4H-2, 65–66 29.15 31.95 78.1 9.4 ND ND
4H-3, 65–66 30.65 33.45 89.2 10.7 ND ND
4H-4, 65–66 32.15 34.95 82.2 9.9 ND ND
4H-5, 65–66 33.65 36.45 72.3 8.7 ND ND
4H-6, 45–46 34.95 37.75 89.3 10.7 ND ND
4H-7, 20–21 35.51 38.31 71.8 8.6 ND ND
5H-1, 65–66 37.15 40.43 84.9 10.2 ND ND
5H-2, 65–66 38.65 41.93 85.9 10.3 ND ND
5H-3, 65–66 40.15 43.43 83.0 10.0 ND ND
5H-4, 65–66 41.65 44.93 81.9 9.8 ND ND
5H-5, 65–66 43.15 46.43 81.7 9.8 ND ND
5H-6, 65–66 44.65 47.93 84.2 10.1 ND ND
5H-7, 40–41 45.90 49.18 85.8 10.3 ND ND
6H-1, 65–66 46.65 53.29 80.3 9.6 ND ND
6H-2, 65–66 48.15 54.79 48.1 5.8 ND ND
6H-3, 65–66 49.65 56.29 71.4 8.6 ND ND
6H-4, 65–66 51.15 57.79 67.1 8.1 ND ND
6H-5, 65–66 52.65 59.29 76.7 9.2 ND ND
6H-6, 65–66 54.15 60.79 75.2 9.0 ND ND
7H-1, 64–65 56.14 64.18 85.5 10.3 ND ND
7H-2, 64–65 57.64 65.68 79.5 9.5 ND ND
7H-3, 64–65 59.14 67.18 84.0 10.1 ND ND
7H-4, 64–65 60.64 68.68 71.5 8.6 ND ND
7H-5, 64–65 62.14 70.18 80.7 9.7 ND ND
7H-6, 64–65 63.64 71.68 84.9 10.2 ND ND
7H-7, 49–50 64.99 73.03 84.4 10.1 ND ND
8H-1, 65–66 65.65 74.74 84.7 10.2 ND ND
8H-2, 65–66 67.15 76.24 85.3 10.2 ND ND
8H-3, 65–66 68.65 77.74 79.6 9.6 ND ND
8H-4, 65–66 70.15 79.24 85.1 10.2 ND ND
8H-5, 65–66 71.65 80.74 88.2 10.6 ND ND
8H-6, 20–21 72.70 81.79 86.6 10.4 ND ND
8H-7, 65–66 73.65 82.74 86.6 10.4 ND ND
9H-1, 65–66 75.15 84.92 90.9 10.9 ND ND
9H-2, 62–63 76.62 86.39 90.0 10.8 ND ND
9H-3, 65–66 78.15 87.92 87.8 10.5 ND ND
9H-4, 65–66 79.65 89.42 88.3 10.6 ND ND
9H-5, 65–66 81.15 90.92 86.5 10.4 ND ND
9H-6, 65–66 82.65 92.42 89.0 10.7 ND ND
9H-7, 65–66 84.15 93.92 88.0 10.6 ND ND
10H-1, 89–90 84.89 94.60 83.7 10.0 ND ND
10H-2, 65–66 86.15 95.86 86.8 10.4 ND ND
10H-3, 65–66 87.65 97.36 81.2 9.7 ND ND
10H-4, 65–66 89.15 98.86 90.1 10.8 ND ND
10H-5, 65–66 90.65 100.36 86.6 10.4 ND ND
10H-6, 65–66 92.15 101.86 84.5 10.1 ND ND
10H-7, 50–51 93.20 102.91 88.1 10.6 ND ND
11H-1, 65–66 94.15 105.94 91.1 10.9 ND ND
11H-2, 65–66 95.65 107.44 91.0 10.9 ND ND
11H-3, 65–66 97.15 108.94 85.3 10.2 ND ND
11H-4, 65–66 98.65 110.44 87.8 10.5 ND ND
11H-5, 65–66 100.15 111.94 88.5 10.6 ND ND
11H-6, 65–66 101.65 113.44 89.1 10.7 ND ND
11H-7, 45–46 102.95 114.74 90.1 10.8 ND ND
12H-2, 65–66 105.15 118.03 89.0 10.7 ND ND
12H-3, 65–66 106.65 119.53 91.3 11.0 ND ND
12H-4, 65–66 108.15 121.03 90.6 10.9 ND ND
12H-5, 65–66 109.65 122.53 88.2 10.6 ND ND
12H-6, 55–56 111.05 123.93 90.7 10.9 ND ND
12H-7, 45–46 111.95 124.83 92.0 11.0 ND ND
13H-2, 65–66 114.65 128.87 90.3 10.8 ND ND
13H-3, 65–66 116.15 130.37 88.5 10.6 ND ND
13H-4, 65–66 117.65 131.87 89.9 10.8 ND ND
13H-5, 65–66 119.15 133.37 87.2 10.5 ND ND
13H-6, 65–66 120.65 134.87 79.7 9.6 ND ND
13H-7, 35–36 121.85 136.07 91.6 11.0 ND ND
15H-1, 65–66 124.15 140.38 89.5 10.7 ND ND
15H-2, 65–66 125.65 141.88 87.3 10.5 ND ND
15H-3, 65–66 127.15 143.38 89.0 10.7 ND ND
15H-4, 65–66 128.65 144.88 88.0 10.6 ND ND
15H-5, 65–66 130.15 146.38 91.0 10.9 ND ND
15H-6, 65–66 131.65 147.88 83.7 10.0 ND ND
15H-7, 40–41 132.90 149.13 88.3 10.6 ND ND
16H-1, 121–122 134.21 155.71 87.8 10.5 ND ND
16H-2, 65–66 135.15 156.65 89.7 10.8 ND ND
16H-3, 65–65 136.65 158.15 83.2 10.0 ND ND
16H-4, 65–65 138.15 159.65 88.9 10.7 ND ND
16H-5, 110–111 140.10 161.60 90.3 10.8 ND ND
16H-6, 65–65 141.15 162.65 90.0 10.8 ND ND
17H-1, 65–66 142.65 166.06 89.0 10.7 ND ND
17H-2, 65–66 144.15 167.56 90.2 10.8 ND ND
17H-3, 65–66 145.65 169.06 80.9 9.7 ND ND
17H-4, 65–66 147.15 170.56 89.0 10.7 ND ND
17H-5, 65–66 148.65 172.06 86.6 10.4 ND ND
17H-6, 65–66 150.15 173.56 87.2 10.5 ND ND
17H-7, 40–41 151.40 174.81 85.4 10.2 ND ND
18H-1, 65–66 152.15 175.56 76.8 9.2 ND ND
18H-2, 65–66 153.65 177.06 82.9 9.9 ND ND
18H-3, 65–66 155.15 178.56 86.5 10.4 ND ND
18H-4, 65–66 156.65 180.06 88.5 10.6 ND ND
18H-5, 65–66 158.15 181.56 89.7 10.8 ND ND
18H-6, 65–66 159.65 183.06 83.7 10.0 ND ND
18H-7, 50–51 161.00 184.41 83.9 10.1 ND ND
19H-1, 65–66 161.65 185.06 87.1 10.5 ND ND
19H-2, 65–66 163.15 186.56 86.4 10.4 ND ND
19H-3, 65–66 164.65 188.06 88.8 10.7 ND ND
19H-4, 65–66 166.15 189.56 88.7 10.6 ND ND
19H-5, 65–66 167.65 191.06 84.7 10.2 ND ND
19H-6, 65–66 169.15 192.56 88.2 10.6 ND ND
19H-7, 20–21 170.20 193.61 89.1 10.7 ND ND
20H-1, 64–65 171.14 194.55 88.2 10.6 ND ND
20H-2, 64–65 172.64 196.05 87.4 10.5 ND ND
20H-3, 64–65 174.14 197.55 86.5 10.4 ND ND
20H-4, 64–65 175.64 199.05 88.3 10.6 ND ND
20H-5, 64–65 177.14 200.55 90.7 10.9 ND ND
20H-6, 64–65 178.64 202.05 90.2 10.8 ND ND
21H-1, 65–66 180.65 204.06 90.8 10.9 ND ND
21H-2, 65–66 182.15 205.56 88.7 10.6 ND ND
21H-3, 65–66 183.65 207.06 90.5 10.9 ND ND
21H-4, 25–26 184.25 207.66 93.0 11.2 ND ND
22X-1, 65–66 185.45 208.86 89.7 10.8 ND ND
22X-2, 65–66 186.95 210.36 91.2 11.0 ND ND
22X-3, 60–61 188.40 211.81 89.0 10.7 ND ND
22X-4, 65–66 189.95 213.36 91.1 10.9 ND ND
22X-5, 65–66 191.45 214.86 90.9 10.9 ND ND
22X-6, 4–5 192.14 215.55 92.4 11.1 ND ND
Core, section,
interval (cm)
Depth (m) Carbon (wt%)
CSF CCSF-A CaCO3 IC TC TOCProc. IODP | Volume 320/321 73
Expedition 320/321 Scientists Site U1336Table T17 (continued). 23X-1, 58–59 194.98 218.39 92.2 11.1 ND ND
23X-2, 59–60 196.49 219.90 91.1 10.9 ND ND
23X-3, 59–60 197.99 221.40 91.2 10.9 ND ND
23X-4, 58–60 199.48 222.89 91.2 11.0 ND ND
23X-5, 60–61 201.00 224.41 90.2 10.8 ND ND
24X-1, 62–63 203.02 226.43 93.1 11.2 ND ND
24X-2, 54–55 204.44 227.85 92.1 11.1 ND ND
24X-3, 72–73 206.12 229.53 94.3 11.3 ND ND
24X-4, 56–57 207.46 230.87 92.4 11.1 ND ND
24X-5, 54–55 208.94 232.35 91.0 10.9 ND ND
25X-1, 60–61 212.60 236.01 91.8 11.0 ND ND
25X-2, 60–61 214.10 237.51 90.7 10.9 ND ND
25X-3, 60–61 215.60 239.01 87.5 10.5 ND ND
26X-1, 62–63 222.22 245.63 91.8 11.0 ND ND
26X-2, 61–62 223.71 247.12 92.5 11.1 ND ND
26X-3, 60–61 225.20 248.61 92.0 11.0 ND ND
26X-4, 72–73 226.82 250.23 93.0 11.2 ND ND
26X-5, 68–69 228.28 251.69 91.8 11.0 ND ND
26X-6, 64–65 229.74 253.15 89.1 10.7 ND ND
27X-1, 59–60 231.79 255.20 92.2 11.1 ND ND
27X-2, 61–62 233.31 256.72 92.2 11.1 ND ND
27X-3, 59–60 234.79 258.20 92.7 11.1 ND ND
27X-4, 58–59 236.28 259.69 92.6 11.1 ND ND
27X-5, 18–19 237.18 260.59 92.6 11.1 ND ND
28X-1, 42–43 241.22 264.63 91.7 11.0 ND ND
28X-2, 30–31 242.60 266.01 93.0 11.2 ND ND
29X-1, 54–55 250.94 274.35 92.5 11.1 ND ND
29X-2, 66–67 252.56 275.97 93.2 11.2 ND ND
29X-3, 57–58 253.97 277.38 92.5 11.1 ND ND
30X-1, 62–63 260.62 284.03 91.7 11.0 ND ND
30X-2, 64–65 262.14 285.55 92.8 11.1 ND ND
30X-3, 45–46 263.45 286.86 92.0 11.0 ND ND
31X-1, 55–55 270.15 293.56 92.7 11.1 ND ND
31X-2, 60–61 271.70 295.11 92.0 11.0 ND ND
31X-3, 42–43 273.02 296.43 93.1 11.2 ND ND
32X-1, 62–63 279.82 303.23 92.1 11.1 ND ND
32X-2, 54–55 281.24 304.65 91.3 11.0 ND ND
32X-3, 32–33 282.52 305.93 89.4 10.7 ND ND
33X-2, 47–48 289.42 312.83 89.3 10.7 ND ND
35X-1, 74–75 299.04 322.45 90.0 10.8 ND ND
Core, section,
interval (cm)
Depth (m) Carbon (wt%)
CSF CCSF-A CaCO3 IC TC TOC
320-U1336B-
1H-1, 71–72 0.71 0.71 78.6 9.4 9.49 0.18
2H-2, 72–73 4.02 4.55 94.4 11.3 11.33 0.07
2H-6, 72–73 10.02 10.55 74.6 9.0 ND ND
3H-2, 72–73 13.52 16.08 91.1 10.9 10.93 0.08
3H-6, 72–73 19.52 22.08 86.0 10.3 ND ND
4H-2, 72–73 23.02 27.20 89.5 10.7 10.70 0.08
4H-6, 72–73 29.02 33.20 90.7 10.9 ND ND
5H-2, 72–73 32.52 38.10 84.6 10.2 10.16 0.08
5H-6, 72–73 38.52 44.10 79.8 9.6 ND ND
6H-2, 72–73 42.02 49.55 88.6 10.6 10.63 0.05
6H-6, 72–73 48.02 55.55 80.6 9.7 ND ND
7H-2, 72–73 51.52 60.21 85.4 10.3 10.22 0.10
7H-4, 72–73 54.52 63.21 89.2 10.7 ND ND
7H-6, 72–73 57.52 66.21 82.4 9.9 ND ND
8H-2, 72–73 61.02 69.90 77.7 9.3 9.36 0.05
8H-6, 72–73 67.02 75.90 82.7 9.9 ND ND
9H-2, 72–73 70.52 79.33 86.7 10.4 10.35 0.06
9H-6, 72–73 76.52 85.33 92.6 11.1 ND ND
10H-2, 72–73 80.02 90.21 90.5 10.9 10.83 0.05
10H-6, 72–73 86.02 96.21 86.5 10.4 ND ND
11H-2, 71–72 89.51 100.20 91.9 11.0 10.99 0.05
11H-6, 83–84 95.63 106.32 93.8 11.3 ND ND
12H-2, 71–72 99.01 111.52 88.0 10.6 10.55 0.05
12H-6, 71–72 105.01 117.52 94.0 11.3 ND ND
13H-2, 71–72 108.51 122.77 94.0 11.3 11.21 0.14
13H-6, 71–72 114.51 128.77 94.2 11.3 ND ND
14H-2, 72–73 118.02 135.00 87.1 10.5 10.42 0.30
14H-4, 70–71 121.00 137.98 95.9 11.5 ND ND
15H-2, 72–73 127.52 145.31 92.9 11.2 11.09 0.17
15H-6, 72–73 133.52 151.31 93.4 11.2 ND ND
16H-1, 42–43 135.22 153.01 94.1 11.3 11.24 0.15
17H-2, 72–73 139.02 156.81 92.0 11.0 10.98 0.07
17H-6, 34–35 144.14 161.93 91.1 10.9 ND ND
18H-2, 71–72 147.61 165.40 90.4 10.9 10.79 0.07
18H-6, 71–72 153.61 171.40 84.8 10.2 ND ND
19H-2, 71–72 157.11 174.90 84.9 10.2 10.23 0.06
19H-6, 71–72 163.11 180.90 90.6 10.9 ND ND
20H-2, 71–72 166.61 184.40 89.5 10.8 10.74 0.06
20H-6, 71–72 172.61 190.40 92.8 11.1 ND ND
Core, section,
interval (cm)
Depth (m) Carbon (wt%)
CSF CCSF-A CaCO3 IC TC TOCNotes: IC = inorganic carbon, TC = total carbon, TOC = total organic carbon determined by acidification method. ND = not determined.Proc. IODP | Volume 320/321 74
Expedition 320/321 Scientists Site U1336Table T18. Inorganic geochemistry of solid samples, Hole U1336B. (See table notes.) 
Notes: BDL = below detection limit (Al2O3 = 0.003 wt%, K2O = 0.007 wt%, TiO2 = 0.0014 wt%). Values for Sr and Ba are well above the calibra-
tion range (Sr < 700 ppm, Ba < 570 ppm). H4SiO4 values measured by different techniques during Expeditions 320 and 321 disagree signifi-
cantly, especially for low values. Therefore, caution should be used concerning the H4SiO4 data and comparison between the different
expeditions. See “Geochemistry” in the “Methods” chapter for uncertainty estimates and assessment of accuracy. 
Core, section,
interval (cm)
Depth (m) Major element oxide (wt%) Trace element (ppm)
CSF CCSF-A SiO2 Al2O3 Fe2O3 T MnO MgO CaO Na2O K2O TiO2 P2O5 Ba Sr Zr
320-U1336B-
1H-1, 71–72 0.71 0.71 8.93 1.495 1.248 0.312 0.768 43.5 1.833 0.302 0.0300 0.389 2143 1190 29.22
2H-6, 72–73 10.02 10.55 11.78 1.601 1.783 0.202 0.847 41.6 1.735 0.320 0.0359 0.308 2466 1220 31.62
3H-6, 72–73 19.52 22.08 5.81 0.814 1.109 0.160 0.587 46.7 1.279 0.176 BDL 0.175 1475 1246 19.81
4H-6, 72–73 29.02 33.20 3.74 0.221 0.454 0.101 0.397 49.2 0.917 0.059 BDL 0.114 839 1072 8.50
5H-6, 72–73 38.52 44.10 9.88 0.941 1.322 0.192 0.647 43.8 1.515 0.206 0.0063 0.191 1996 980 19.10
6H-6, 72–73 48.02 55.55 9.97 0.974 1.076 0.131 0.548 43.5 1.382 0.223 0.0089 0.169 1546 1092 15.98
7H-6, 72–73 57.52 66.21 8.85 0.772 1.312 0.193 0.583 45.0 1.332 0.172 BDL 0.201 1951 1146 15.70
9H-6, 72–73 76.52 85.33 2.94 0.000 0.257 0.088 0.317 49.6 0.861 0.011 BDL 0.102 565 1018 6.30
10H-6, 72–73 86.02 96.21 6.63 0.458 0.869 0.104 0.494 47.2 1.115 0.092 BDL 0.167 1567 1168 10.40
11H-6, 83–84 95.63 106.32 2.68 0.023 0.156 0.089 0.253 50.9 0.655 0.016 BDL 0.108 708 1052 6.67
12H-6, 71–72 105.01 117.52 2.14 0.031 0.131 0.081 0.241 50.1 0.717 0.022 BDL 0.105 692 1148 2.88
13H-6, 71–72 114.51 128.77 2.29 0.044 0.153 0.088 0.225 51.1 0.582 0.014 BDL 0.125 787 1094 5.33
14H-4, 70–71 121.00 137.98 1.12 0.013 0.012 0.075 0.189 52.1 0.323 0.000 BDL 0.114 824 904 2.88
15H-6, 72–73 133.52 151.31 2.73 0.098 0.181 0.093 0.207 49.5 0.604 0.023 BDL 0.101 915 1066 7.12
16H-1, 42–43 135.22 153.01 1.79 0.142 0.147 0.075 0.198 49.9 0.553 0.038 BDL 0.139 1365 997 6.89
17H-6, 34–35 144.14 161.93 4.57 0.228 0.427 0.070 0.239 49.7 0.632 0.046 BDL 0.120 1366 1152 8.50
18H-6, 71–72 153.61 171.40 8.94 0.474 0.615 0.077 0.300 44.7 0.818 0.093 BDL 0.152 2138 1152 11.59
19H-6, 71–72 163.11 180.90 4.89 0.222 0.344 0.073 0.222 48.2 0.613 0.042 BDL 0.126 1398 1147 7.64
20H-6, 71–72 172.61 190.40 3.46 0.169 0.334 0.072 0.209 49.1 0.541 0.029 BDL 0.095 1384 1168 8.07Proc. IODP | Volume 320/321 75















1H-1, 75–76 0.75 59.0 1.40 0.58 3.00 80.8
1H-2, 75–76 2.25 48.5 1.54 0.80 2.95 73.1
1H-3, 75–76 3.75 38.4 1.70 1.05 2.89 63.8
1H-4, 75–76 5.25 39.6 1.68 1.02 2.91 65.1
1H-5, 75–76 6.75 40.0 1.67 1.00 2.88 65.2
1H-6, 35–36 7.85 46.7 1.56 0.83 2.86 71.0
2H-1, 75–76 8.75 50.5 1.51 0.75 2.90 74.3
2H-2, 75–76 10.25 44.5 1.59 0.88 2.87 69.2
2H-3, 75–76 11.75 50.6 1.50 0.74 2.87 74.1
2H-4, 75–76 13.25 45.9 1.55 0.84 2.77 69.6
2H-5, 75–76 14.75 43.9 1.58 0.89 2.76 67.8
2H-6, 75–76 16.25 44.2 1.57 0.88 2.73 67.9
2H-7, 35–36 17.35 43.4 1.62 0.92 2.94 68.7
3H-2, 75–76 19.75 46.5 1.56 0.83 2.86 70.8
3H-3, 75–76 21.25 52.7 1.48 0.70 2.91 76.0
3H-4, 75–76 22.75 52.1 1.48 0.71 2.88 75.4
3H-5, 75–76 24.25 44.2 1.58 0.88 2.78 68.2
3H-6, 75–76 25.75 48.7 1.51 0.78 2.77 71.9
3H-7, 55–56 27.05 46.1 1.57 0.85 2.89 70.7
4H-2, 75–76 29.25 48.8 1.56 0.80 3.08 74.1
4H-3, 75–76 30.75 39.6 1.65 1.00 2.76 63.8
4H-4, 75–76 32.25 45.0 1.58 0.87 2.87 69.6
4H-5, 75–76 33.75 54.0 1.45 0.67 2.83 76.4
4H-6, 55–56 35.05 42.1 1.62 0.94 2.81 66.6
4H-7, 30–31 35.61 49.6 1.50 0.76 2.79 72.8
5H-1, 75–76 37.25 48.9 1.50 0.77 2.72 71.8
5H-2, 75–76 38.75 47.4 1.54 0.81 2.81 71.2
5H-3, 75–76 40.25 49.6 1.50 0.76 2.79 72.8
5H-4, 75–76 41.75 48.3 1.52 0.78 2.76 71.6
5H-5, 75–76 43.25 50.0 1.49 0.74 2.73 72.7
5H-6, 75–76 44.75 48.3 1.53 0.79 2.87 72.4
5H-7, 50–51 46.00 47.4 1.55 0.82 2.90 71.9
6H-1, 75–76 46.75 46.5 1.54 0.83 2.77 70.1
6H-2, 75–76 48.25 58.5 1.38 0.57 2.72 78.9
6H-3, 75–76 49.75 50.6 1.49 0.74 2.79 73.6
6H-4, 75–76 51.25 48.6 1.52 0.78 2.81 72.2
6H-5, 75–76 52.75 50.6 1.51 0.75 2.94 74.6
6H-6, 75–76 54.25 45.4 1.56 0.85 2.74 69.0
7H-1, 75–76 56.25 46.3 1.56 0.84 2.85 70.6
7H-2, 75–76 57.75 48.7 1.51 0.78 2.78 72.0
7H-3, 75–76 59.25 44.9 1.57 0.87 2.80 69.0
7H-4, 75–76 60.75 45.0 1.56 0.86 2.73 68.6
7H-5, 75–76 62.25 45.3 1.57 0.86 2.82 69.5
7H-6, 75–76 63.75 44.3 1.59 0.89 2.85 68.8
7H-7, 60–61 65.10 44.7 1.59 0.88 2.86 69.3
8H-1, 75–76 65.75 48.1 1.53 0.80 2.83 71.9
8H-2, 75–76 67.25 43.8 1.60 0.90 2.84 68.4
8H-3, 75–76 68.75 45.4 1.56 0.85 2.75 69.1
8H-4, 75–76 70.25 41.4 1.64 0.96 2.83 66.1
8H-5, 75–76 71.75 42.1 1.61 0.93 2.75 66.1
8H-6, 30–31 72.80 39.9 1.65 0.99 2.77 64.3
8H-7, 75–76 73.75 42.5 1.62 0.93 2.82 67.1
9H-1, 75–76 75.25 40.3 1.65 0.98 2.79 64.7
9H-2, 72–73 76.72 42.3 1.62 0.93 2.80 66.7
9H-3, 75–76 78.25 42.4 1.61 0.93 2.80 66.8
9H-4, 75–76 79.75 42.3 1.62 0.94 2.83 67.0
9H-5, 75–76 81.25 49.8 1.41 0.71 2.26 68.7
9H-6, 75–76 82.75 41.3 1.64 0.97 2.87 66.4
9H-7, 75–76 84.25 41.9 1.60 0.93 2.71 65.6
10H-1, 75–76 84.75 46.6 1.50 0.80 2.53 68.4
10H-2, 75–76 86.25 42.1 1.63 0.94 2.85 66.9
10H-3, 75–76 87.75 42.7 1.61 0.92 2.79 67.0
10H-4, 75–76 89.25 39.8 1.64 0.99 2.72 63.7
10H-5, 75–76 90.75 42.4 1.63 0.94 2.90 67.6
10H-6, 75–76 92.25 43.5 1.58 0.89 2.72 67.2
10H-7, 60–61 93.30 40.7 1.66 0.98 2.88 65.9
11H-1, 75–76 94.25 34.8 1.74 1.13 2.77 59.1
11H-2, 75–76 95.75 36.9 1.70 1.07 2.77 61.2
11H-3, 75–76 97.25 40.3 1.64 0.98 2.75 64.5
11H-4, 75–76 98.75 39.3 1.68 1.02 2.85 64.3
11H-5, 75–76 100.25 42.3 1.61 0.93 2.77 66.5
11H-6, 75–76 101.75 38.9 1.67 1.02 2.77 63.2
11H-7, 55–56 103.05 37.2 1.69 1.06 2.76 61.4
12H-2, 75–76 105.25 37.5 1.70 1.06 2.81 62.2
12H-3, 75–76 106.75 38.1 1.67 1.04 2.75 62.3
12H-4, 75–76 108.25 38.2 1.69 1.05 2.85 63.2
12H-5, 75–76 109.75 35.4 1.73 1.12 2.78 59.7
12H-6, 65–66 111.15 35.3 1.70 1.10 2.67 58.7
12H-7, 55–56 112.05 37.0 1.72 1.08 2.86 62.1
13H-2, 75–76 114.75 37.5 1.69 1.06 2.79 62.1
13H-3, 75–76 116.25 39.2 1.65 1.00 2.72 63.2
13H-4, 75–76 117.75 35.7 1.74 1.12 2.84 60.6
13H-5, 75–76 119.25 38.7 1.68 1.03 2.85 63.7
13H-6, 75–76 120.75 41.4 1.62 0.95 2.77 65.6
13H-7, 45–46 121.95 35.6 1.73 1.12 2.81 60.2
15H-1, 75–76 124.25 33.7 1.78 1.18 2.86 58.7
15H-2, 75–76 125.75 16.4 2.57 2.15 3.65 41.2
15H-3, 75–76 127.25 38.2 1.71 1.06 2.90 63.6
15H-4, 75–76 128.75 34.3 1.77 1.16 2.87 59.4
15H-5, 75–76 130.25 36.4 1.75 1.12 2.96 62.3
15H-6, 75–76 131.75 32.1 1.81 1.23 2.82 56.6
15H-7, 50–51 133.00 37.6 1.71 1.07 2.85 62.6
16H-1, 130–131 134.30 36.8 1.69 1.07 2.72 60.8
16H-2, 75–76 135.25 35.8 1.73 1.11 2.81 60.5
16H-3, 75–76 136.75 38.1 1.68 1.04 2.78 62.6
16H-4, 75–76 138.25 38.0 1.69 1.05 2.83 62.9
16H-5, 120–121 140.20 35.6 1.75 1.13 2.89 60.9
16H-6, 75–76 141.25 36.1 1.72 1.10 2.81 60.8
17H-1, 75–76 142.75 38.1 1.69 1.04 2.80 62.8
17H-2, 75–76 144.25 34.2 1.77 1.16 2.83 59.0
17H-3, 75–76 145.75 36.8 1.70 1.08 2.78 61.3
17H-4, 75–76 147.25 36.9 1.72 1.09 2.86 62.1
17H-5, 75–76 148.75 34.9 1.77 1.15 2.89 60.1
17H-6, 75–76 150.25 37.6 1.71 1.07 2.86 62.7
17H-7, 50–51 151.50 36.8 1.70 1.08 2.78 61.2
18H-1, 75–76 152.25 39.2 1.66 1.01 2.77 63.6
18H-2, 75–76 153.75 36.3 1.71 1.09 2.75 60.5
18H-3, 75–76 155.25 36.8 1.70 1.08 2.77 61.1
18H-4, 75–76 156.75 34.9 1.74 1.13 2.77 59.3
18H-5, 75–76 158.25 35.6 1.71 1.10 2.72 59.5
18H-6, 75–76 159.75 34.4 1.76 1.15 2.82 59.0
18H-7, 60–61 161.10 34.9 1.76 1.14 2.85 59.9
19H-1, 75–76 161.75 33.8 1.78 1.18 2.85 58.7
19H-2, 75–76 163.25 36.9 1.70 1.07 2.78 61.4
19H-3, 75–76 164.75 37.2 1.70 1.07 2.81 62.0
19H-4, 75–76 166.25 35.0 1.73 1.12 2.74 59.0
19H-5, 75–76 167.75 33.9 1.75 1.16 2.76 58.1
19H-6, 75–76 169.25 33.5 1.77 1.18 2.80 57.9
19H-7, 30–31 170.30 34.2 1.75 1.15 2.76 58.4
20H-1, 75–76 171.25 34.1 1.76 1.16 2.79 58.4
20H-3, 75–76 174.25 36.6 1.71 1.09 2.81 61.3
20H-4, 75–76 175.75 32.8 1.81 1.22 2.90 58.1
20H-5, 75–76 177.25 31.8 1.84 1.25 2.92 57.0
20H-6, 75–76 178.75 33.0 1.77 1.19 2.76 57.0
21H-1, 75–76 180.75 31.0 1.81 1.25 2.77 54.8
21H-2, 75–76 182.25 28.3 1.87 1.34 2.76 51.5
21H-3, 75–76 183.75 29.6 1.86 1.31 2.84 53.8
21H-4, 34–35 184.34 29.0 1.84 1.30 2.72 52.1
22X-1, 72–73 185.52 31.3 1.92 1.32 3.20 58.8
22X-3, 88–89 188.68 28.2 2.10 1.51 3.56 57.8
22X-4, 59–60 189.89 30.7 1.83 1.27 2.82 54.9
22X-5, 78–79 191.58 30.3 1.84 1.28 2.82 54.4
23X-1, 78–79 195.18 29.9 1.86 1.31 2.87 54.5
23X-2, 78–79 196.68 27.9 1.90 1.37 2.84 51.8
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Expedition 320/321 Scientists Site U1336Table T19 (continued). 23X-4, 72–73 199.62 29.3 1.86 1.31 2.81 53.2
320-U1336B-
1H-1, 74–76 0.75 53.4 1.44 0.67 2.72 75.3
2H-2, 74–76 4.05 37.8 1.67 1.04 2.70 61.6
2H-4, 74–76 7.05 39.9 1.64 0.99 2.75 64.0
2H-6, 74–76 10.05 47.3 1.48 0.78 2.45 68.3
3H-2, 74–76 13.55 43.2 1.58 0.90 2.70 66.7
3H-4, 74–76 16.55 44.3 1.57 0.87 2.72 67.9
3H-6, 74–76 19.55 45.6 1.53 0.83 2.61 68.2
4H-2, 74–76 23.05 42.3 1.60 0.92 2.70 66.0
4H-4, 74–76 26.05 38.1 1.67 1.03 2.72 62.1
4H-6, 74–76 29.05 40.1 1.68 1.01 2.94 65.8
5H-2, 74–76 32.55 49.0 1.51 0.77 2.77 72.2
5H-4, 74–76 35.55 49.4 1.49 0.75 2.66 71.7
5H-6, 74–76 38.55 52.9 1.46 0.69 2.80 75.5
6H-2, 74–76 42.05 47.3 1.53 0.81 2.77 70.8
6H-4, 74–76 45.05 47.3 1.52 0.80 2.68 70.1
6H-6, 74–76 48.05 41.7 1.70 0.99 3.20 69.0
7H-2, 74–76 51.55 44.6 1.57 0.87 2.77 68.5
7H-4, 74–76 54.55 44.1 1.56 0.87 2.68 67.4
7H-6, 74–76 57.55 45.9 1.54 0.83 2.67 68.9
8H-2, 74–76 61.05 47.9 1.51 0.79 2.68 70.6
8H-4, 74–76 64.05 43.8 1.57 0.88 2.68 67.1
8H-6, 74–76 67.05 44.7 1.55 0.86 2.67 67.8
9H-2, 68–70 70.49 42.6 1.60 0.92 2.77 66.8
9H-4, 74–76 73.55 39.9 1.63 0.98 2.68 63.5
9H-6, 74–76 76.55 40.3 1.63 0.97 2.69 64.0
10H-1, 74–76 78.55 41.1 1.63 0.96 2.77 65.4















10H-6, 74–76 86.05 42.7 1.59 0.91 2.70 66.2
11H-2, 74–76 89.55 48.3 1.46 0.76 2.44 69.0
11H-4, 74–76 92.55 40.3 1.62 0.97 2.69 63.9
11H-6, 79–81 95.6 43.0 1.53 0.87 2.45 64.4
12H-2, 74–76 99.05 43.3 1.59 0.90 2.77 67.3
12H-4, 74–76 102.05 36.3 1.69 1.08 2.69 59.9
12H-6, 74–76 105.05 38.1 1.66 1.03 2.71 62.0
13H-2, 74–76 108.55 42.5 1.60 0.92 2.75 66.5
13H-4, 74–76 111.55 30.9 1.87 1.29 2.99 56.6
13H-6, 74–76 114.55 34.6 1.72 1.13 2.70 58.3
14H-2, 74–76 118.05 42.5 1.59 0.91 2.67 65.9
14H-4, 72–74 121.03 27.2 1.88 1.37 2.73 49.9
15H-2, 74–76 127.55 33.0 1.78 1.19 2.78 57.3
15H-4, 74–76 130.55 39.5 1.64 0.99 2.68 63.1
15H-6, 74–76 133.55 30.7 1.80 1.25 2.70 53.9
16H-1, 44–46 135.25 34.2 1.75 1.15 2.78 58.5
17H-2, 74–76 139.05 36.9 1.70 1.08 2.79 61.5
17H-4, 74–76 142.05 33.1 1.75 1.17 2.70 56.6
17H-6, 36–38 144.17 35.1 1.72 1.11 2.70 58.8
18H-2, 74–76 147.65 36.7 1.70 1.08 2.77 61.2
18H-4, 74–76 150.65 39.5 1.63 0.99 2.67 63.0
18H-6, 74–76 153.65 38.1 1.65 1.02 2.66 61.6
19H-2, 74–76 157.15 36.4 1.70 1.08 2.74 60.5
19H-4, 74–76 160.15 33.2 1.75 1.17 2.69 56.7
19H-6, 74–76 163.15 34.3 1.73 1.13 2.70 57.9
20H-2, 74–76 166.65 32.4 1.78 1.20 2.76 56.4
20H-4, 74–76 169.65 33.6 1.74 1.16 2.70 57.1

































1H-1 1.39 1493 1488
1H-3 4.33 1547
1H-3 4.41 1522 1514
1H-4 5.83 1535
1H-4 5.91 1506 1502
1H-5 7.31 1535






2H-3 12.40 1504 1502
2H-4 13.81 1540
2H-4 13.91 1506 1494






3H-3 21.90 1507 1503
3H-4 23.39 1513 1503
3H-4 23.47 1546




4H-2 29.93 1509 1502
4H-3 31.37 1499
4H-3 31.45 1530
4H-4 32.88 1505 1499
4H-4 32.96 1527
4H-5 34.32 1537
4H-5 34.41 1515 1515

















































9H-4 80.45 1538Proc. IODP | Volume 320/321 77









































12H-5 110.36 1541 1532
12H-5 110.45 1551







13H-6 121.36 1414 1524
13H-6 121.44 1529
















16H-5 140.36 1544 1539
























































































4H-4 26.20 1509 1498
4H-4 26.10 1583






6H-2 42.20 1494 1496
6H-2 42.10 1562
6H-4 45.20 1501 1502
6H-4 45.30 1568




7H-4 54.69 1400 1514
7H-4 54.60 1555
7H-6 57.61 1555






































20H-6 172.70 1608Proc. IODP | Volume 320/321 78









1H-3, 115 4.15 1.210
2H-3, 115 12.15 1.106
3H-3, 115 21.65 1.114
4H-3, 115 31.15 0.911
5H-3, 115 40.65 1.073
6H-3, 115 50.15 0.994
7H-3, 115 59.65 1.061
8H-3, 115 69.15 1.110
9H-3, 115 78.65 1.132
10H-3, 115 88.15 1.100
11H-3, 115 97.65 1.186
12H-3, 115 107.15 1.256
13H-3, 115 116.65 1.209
15H-3, 115 127.65 1.228
16H-3, 115 137.15 1.228
17H-3, 115 146.15 1.209
18H-3, 115 155.65 1.202
19H-3, 115 165.13 1.286
20H-3, 115 174.65 1.314
21H-2, 115 182.65 1.375
22X-3, 115 188.95 1.209
320-U1336B-
2H-4, 75 7.05 1.335
3H-4, 75 16.55 1.136
4H-4, 75 26.05 1.281
5H-4, 75 35.55 0.986
6H-4, 75 45.05 1.051
7H-4, 75 54.55 1.163
8H-4, 75 64.05 1.106
9H-4, 75 73.55 1.366
10H-4, 75 83.05 1.211
11H-4, 75 92.55 1.008
12H-4, 75 102.05 1.311
13H-4, 75 111.55 1.708
14H-4, 75 121.05 1.084
15H-4, 75 130.55 1.332
17H-4, 75 142.05 1.335
18H-4, 75 150.65 1.164
19H-4, 75 160.15 1.309
20H-4, 75 169.65 1.360Proc. IODP | Volume 320/321 79









1H 0.00 0.26 0.26 0.23
2H 8.00 1.51 9.51 8.41
3H 17.50 1.83 19.33 17.11
4H 27.00 2.80 29.80 26.37
5H 36.50 3.28 39.78 35.21
6H 46.00 6.64 52.64 46.58
7H 55.50 8.04 63.54 56.23
8H 65.00 9.09 74.09 65.56
9H 74.50 9.77 84.27 74.58
10H 84.00 9.71 93.71 82.93
11H 93.50 11.79 105.29 93.18
12H 103.00 12.88 115.88 102.55
13H 112.50 14.22 126.72 112.14
14H 122.00 15.73 137.73 121.89
15H 123.50 16.23 139.73 123.66
16H 133.00 21.50 154.50 136.72
17H 142.00 23.41 165.41 146.38
18H 151.50 23.41 174.91 154.79
19H 161.00 23.41 184.41 163.19
20H 170.50 23.41 193.91 171.60
21H 180.00 23.41 203.41 180.01
22X 184.80 23.41 208.21 184.26
23X 194.40 23.41 217.81 192.75
24X 202.40 23.41 225.81 199.83
25X 212.00 23.41 235.41 208.33
26X 221.60 23.41 245.01 216.82
27X 231.20 23.41 254.61 225.32
28X 240.80 23.41 264.21 233.81
29X 250.40 23.41 273.81 242.31
30X 260.00 23.41 283.41 250.81
31X 269.60 23.41 293.01 259.30
32X 279.20 23.41 302.61 267.80
33X 288.80 23.41 312.21 276.29
34X 293.80 23.41 317.21 280.72
35X 298.30 23.41 321.71 284.70
320-U1336B-
1H 0.00 0.00 0.00 0.00
2H 1.80 0.53 2.33 2.06
3H 11.30 2.56 13.86 12.27
4H 20.80 4.18 24.98 22.11
5H 30.30 5.58 35.88 31.75
6H 39.80 7.53 47.33 41.89
7H 49.30 8.69 57.99 51.32
8H 58.80 8.88 67.68 59.90
9H 68.30 8.81 77.11 68.24
10H 77.80 10.19 87.99 77.86
11H 87.30 10.69 97.99 86.72
12H 96.80 12.51 109.31 96.73
13H 106.30 14.26 120.56 106.69
14H 115.80 16.98 132.78 117.50
15H 125.30 17.79 143.09 126.62
16H 134.80 17.79 152.59 135.03
17H 136.80 17.79 154.59 136.80
18H 145.40 17.79 163.19 144.41
19H 154.90 17.79 172.69 152.82
20H 164.40 17.79 182.19 161.23Proc. IODP | Volume 320/321 80
Expedition 320/321 Scientists Site U1336Table T23. Splice tie points, Site U1336. 
Hole, core, section,
interval (cm)
Depth Hole, core, section,
interval (cm)
Depth
CSF CCSF-A CSF CCSF-A
320- 320-
U1336B-1H-1, 55 0.55 0.55 Tie to U1336A-1H-1, 29 0.29 0.55
U1336A-1H-5, 78 6.78 7.04 Tie to U1336B-2H-4, 21 6.51 7.04
U1336B-2H-7, 26 11.06 11.59 Tie to U1336A-2H-2, 58 10.08 11.59
U1336A-2H-6, 109 16.59 18.09 Tie to U1336B-3H-3, 123 15.53 18.09
U1336B-3H-7, 5 20.35 22.91 Tie to U1336A-3H-3, 58 21.08 22.91
U1336A-3H-6, 54 25.54 27.38 Tie to U1336B-4H-2, 90 23.20 27.38
U1336B-4H-6, 137 29.67 33.85 Tie to U1336A-4H-3, 105 31.05 33.85
U1336A-4H-7, 11 35.42 38.22 Tie to U1336B-5H-2, 84 32.64 38.22
U1336B-5H-6, 126 39.06 44.64 Tie to U1336A-5H-4, 36 41.36 44.64
U1336A-5H-6, 135 45.35 48.63 Tie to U1336B-6H-1, 130 41.10 48.63
U1336B-6H-6, 148 48.78 56.31 Tie to U1336A-6H-3, 67 49.67 56.31
U1336A-6H-6, 131 54.81 61.45 Tie to U1336B-7H-3, 46 52.76 61.45
U1336B-7H-7, 14 58.14 66.83 Tie to U1336A-7H-3, 29 58.79 66.83
U1336A-7H-7, 43 64.93 72.97 Tie to U1336B-8H-4, 79 64.09 72.97
U1336B-8H-6, 9 66.39 75.27 Tie to U1336A-8H-1, 119 66.19 75.27
U1336A-8H-7, 56 73.56 82.64 Tie to U1336B-9H-4, 103 73.83 82.64
U1336B-9H-7, 6 77.06 85.88 Tie to U1336A-9H-2, 11 76.11 85.88
U1336A-9H-4, 104 80.04 89.81 Tie to U1336B-10H-2, 33 79.63 89.81
U1336B-10H-6, 125 86.55 96.74 Tie to U1336A-10H-2, 153 87.03 96.74
U1336A-10H-6, 94 92.44 102.14 Tie to U1336B-11H-3, 115 91.45 102.14
U1336B-11H-6, 82 95.62 106.31 Tie to U1336A-11H-1, 102 94.52 106.31
U1336A-11H-4, 54 98.54 110.34 Tie to U1336B-12H-1, 103 97.83 110.34
U1336B-12H-6, 112 105.42 117.93 Tie to U1336A-12H-2, 55 105.05 117.93
U1336A-12H-4, 121 108.71 121.59 Tie to U1336B-13H-1, 103 107.33 121.59
U1336B-13H-6, 90 114.70 128.97 Tie to U1336A-13H-2, 75 114.75 128.97
U1336A-13H-6, 62 120.62 134.84 Tie to U1336B-14H-2, 56 117.86 134.84
U1336B-14H-7, 66 125.46 142.44 Append to U1336B-15H-1, 0 125.30 143.09
U1336B-15H-2, 67 127.47 145.25 Tie to U1336A-15H-4, 102 129.02 145.25
U1336A-15H-7, 61 133.11 149.35 Append to U1336A-16H-1, 5 133.05 154.55
U1336A-16H-3, 121 137.21 158.71 Tie to U1336B-17H-3, 112 140.92 158.71
U1336B-17H-7, 79 145.29 163.07 Append to U1336B-18H-1, 0 145.40 163.19
U1336B-18H-7, 15 154.55 172.33 Tie to U1336A-17H-5, 92 148.92 172.33
U1336A-17H-7, 58 151.58 174.99 AppendProc. IODP | Volume 320/321 81








































T Coronocyclus nitescens 12.12 1.36
T Calcidiscus premacintyrei 12.45 1.36
Tc Cyclicargolithus floridanus 13.33 16.31 1.50
T Sphenolithus heteromorphus 13.53 20.46 1.27
Tc Discoaster deflandrei 15.66 33.70 1.50
B Discoaster petaliformis 15.70 46.28 1.36
Bc Sphenolithus heteromorphus 17.71 66.30 0.76
Tc Sphenolithus belemnos 17.95 66.30 0.76
T Triquetrorhabdulus carinatus 18.28 66.30 0.76
B Sphenolithus belemnos 19.03 84.14 0.68
Tc Triquetrorhabdulus carinatus 22.09 135.81 0.99
B Sphenolithus disbelemnos 22.8 153.25 3.64
T Sphenolithus delphix 23.1 169.31 1.50
B Sphenolithus delphix 23.2 174.53 0.72
T Sphenolithus ciperoensis 24.4 202.23 1.32
X T. longus/T. carinatus 24.7 202.23 1.32
Tc Cyclicargolithus abisectus 24.7 191.86 0.75
T Sphenolithus distentus 26.8 228.24 1.31
T Sphenolithus predistentus 26.9 230.94 1.40
B Sphenolithus ciperoensis 27.1 232.69 0.34
B Sphenolithus distentus 30.0 277.57 0.36
T Reticulofenestra umbilicus 32.0 319.77 2.29
Radiolarians
B Diartus petterssoni 12.11 7.12 1.33
B Cyrtocapsella japonica 12.41 7.12 1.33
B Lithopera neotera 12.95 10.25 1.80
T Calocycletta robusta 13.35 20.53 1.35
T Stichocorys armata 13.50 20.53 1.35
T Acrocubus octopyle 13.88 23.38 1.50
T Calocycletta costata 14.23 27.09 2.21
T Dorcadospyris dentata 14.66 32.81 2.54
T Liriospyris stauropora 14.83 32.81 2.54
D. dentata > D. alata 14.78 32.81 2.54
B Dorcadospyris alata 15.08 40.67 1.67
B Liriospyris parkerae 15.03 40.67 1.67
T Carpocanopsis cingulata 15.13 47.51 2.18Proc. IODP | Volume 320/321 82
Expedition 320/321 Scientists Site U1336Note: T = top, Tc = top common, B = bottom, Bc = bottom common, X = abundance crossover.
T Lychnocanoma elongata 15.15 55.20 0.01
B Lithopera renzae 16.77 55.20 0.01
B Calocycletta costata 17.49 58.49 3.29
B Dorcadospyris dentata 17.72 63.93 2.15
B Liriospyris stauropora 17.72 63.93 2.15
T Dorcadospyris scambos 18.53 71.37 2.28
B Stichocorys wolffii 18.57 78.14 1.50
B Dorcadospyris forcipata 18.61 78.14 1.50
T Dorcadospyris simplex s.s. 18.69 85.14 1.68
T Dorcadospyris praeforcipata 19.77 95.32 0.95
B Dorcadospyris simplex s.s. 20.34 101.37 2.12
B Stichocorys delmontensis 20.68 109.34 1.50
T Lophocyrtis pegetrum 20.89 113.06 2.22
T Theocyrtis annosa 21.38 119.93 1.50
B Calocycletta virginis 21.39 116.85 1.58
T Eucyrtidium mitodes 21.95 134.53 2.27
B Calocycletta serrata 22.04 143.78 1.50
B Cyrtocapsella cornuta 22.26 147.45 2.16
B Cyrtocapsella tetrapera 22.35 147.45 2.16
T Artophormis gracilis 22.62 157.55 2.50
B Eucyrtidium diaphanes 22.95 165.72 2.24
T Dorcadospyris cyclacantha 22.98 165.72 2.24
B Dorcadospyris cyclacantha 23.29 169.46 1.50
T Dorcadospyris papilio 23.31 173.11 2.14
T Liriospyris longicornuta 24.12 178.96 1.51
Foraminifers
T Globorotalia (Fohsella) fohsi s.l. 11.79 1.95 1.69
B Globorotalia (Fohsella) fohsi robusta 13.13 6.04 2.41
B Globorotalia (Fohsella) fohsi s.l. 13.41 20.36 0.85
B Globorotalia (Fohsella) “praefohsi” 13.77 23.46 2.25
T Clavatorella bermudezi 13.82 23.46 2.25
T Globorotalia (Fohsella) peripheroronda 13.80 27.51 1.80
B Globorotalia (Fohsella) peripheroacuta 14.24 31.73 1.46
B Orbulina spp. 14.74 27.51 1.80
B Clavatorella bermudezi 14.89 31.73 1.46
T Praeorbulina glomerosa 14.8 31.73 1.46
T Praeorbulina circularis 14.58 34.68 1.50
B Praeorbulina glomerosa 16.27 53.78 0.73
B Praeorbulina sicana 16.97 53.78 0.73
T Globoquadrina binaiensis 19.09 77.47 1.50
T Paragloborotalia kugleri 21.12 106.33 0.76
T Paragloborotalia pseudokugleri 21.31 106.33 0.76
B Globoquadrina dehiscens 22.44 143.11 1.50
B Paragloborotalia kugleri 23.00 166.35 0.94
B Paragloborotalia pseudokugleri 25.2 194.90 0.89
T Paragloborotalia opima 26.9 228.14 2.58
Tc Chiloguembelina cubensis 28.00 238.84 1.48
B Globigerina angulisuturalis 29.2 263.35 2.56
T Subbotina angiporoides 29.8 270.73 4.82
T Turborotalia ampliapertura 30.3 281.61 3.68
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